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ABSTRACT 

This plan of ir.struction . la? son 'plans, and stddar.t 
materials (study guides, wcrkbooks, and programed texts) for a 
secondary- postsecondary level course in engine mechanics is or.e Df a 
number Df military-developed curriculum packages selected for 
adaptation to vocational instruction and curriculum development in a 
civilian setting. It is t:he second of a four- part course (see Note 
- for other sections) ::oveting general vehicle mechanics, including 
inspestlDn, maintenance, »nd repair. The plan of instruction suggests 
number of hours of class time devoted to aach lessor, in one blo-k of 
instruction (Block III, a *-.otal of 7u.5 hours of instruction): AatD 
Electrical Units, cantainino five lessons on fundamentals of 
automotive electricity, batteries, and basis electrical circuits; 
battarv and lagaatD ignition system: crankino motors and starting 
system; DC charging svstew; and AC charging. s ystem. It also details 
CMi^^^^^^ objectives and , support raterials ' needed* Lesson plans 
1- otttliae teaching steps, student materials include study guides 
J/ containing objectives, text material, and review gueFtions; two 
-r: ttdrfcbaoks containing shop procedures: and two programed texts. 

Military manuals, commercial text?, an3 audiovisu&ls are suggasted, 
but n6t provided. (YLB) . 



* Reproductions supplied by EDPS are the best that can be mala * 

* from the original document, « 
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This military technical training course has been selected and adapted by 
The Center for Vocational Education for **Trial Inplefflentatlon of a Model System 
to Provide Military Curriculum Materials for Use in Vocational and Technical 
Education," a project sponsored by the Bureau of Occupational and Adult Education, 
U«S. Department of Health, Education, and Welfare. 
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MILITMQf CURRZCUUM MAXERZALS 



nhe militazy^-develaped currlculm material 8 in this course 
pa^ekge were selected by the National Center for Research in 
Vocational Education Military Curriculum Project foe dissem-- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. "Hie purpose of 
dLssendnating tliese courses was to make curriculvsn materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

Die course materials wexe aogiiired, evaluated by project 
staff and practitimers in the field, and prepared for 
dissonination. Materials v^ch were specific to the nLlitary 
were deleted, copyrighted materials were either emitted or appro- 
val for their use was c^Dtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development. 




The National Center 
Mission Statement 
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The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 



Evaluating individual program needs 
and outcomes 



• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 
The National C«rtter for Research \n Vocational 
',1 Education 

The Ohio State Univeriity 
1^ Kermy Road, Ccrtvmbus, 0hi9 43210 *^ 
Telephone: 6t4/486-36&S or Toll Free 800/ 
O 843-481Swlfhinth«oontiiwntalU.S. 
ERJC (exoeptOhlo) 
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Milftary 

Curriculum Materials 
Dissemination Is . . . 



What Materials 
Are 



^ an activity to increase the acoessibility of 
military-deveioped curriculum materials to 
vocational and technical educators. 

T^is project, funded by the U,S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Uriaefsjanding" between the U.S. Office of 
£ducatio?f^nd the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
: nical education are selected for dissemination, 

plPit N«i«»al Center for Research ^ 
h d^f€ta^mtA Education is the U.S. Of^ of 
Education's designated representative to 

Ire the materials and cooduct the project 
activities. y-^ 

Protject Staff : 

, Wesley E. Budke, Ph.D., Director 
^ ational Center Clearinghouse 

Shirley A. Chase, Ph.D. 
Pn^^ Director 



One hundred twenty courses on microfiche 
(thirteen In paper form) and descriptions of 
each have been provided to the vocational 
Curriculun) Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
Instruction, curriculum outlines, instructpr 
guides, student workbooks and^ technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 
' Construction 

Trades 
Clerical 

Occupations 
Communications 
Di»afting 
Electronics 
Engine Mechanics 



Food Service 
' Health 
Heating & Air 

Conditioning 
Machine Shop 
Management & 

Supervsion 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 
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How Can These 
Materials Be Obtained? 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g«, availabitity and cost). ThJV 
will respond to your request directly or ^ r 
you to an instructional materials agen 
closer to you. 
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THit MctiQD It iftf i«cond of » four-part count covtringgtr^trtl wtni^lt m«cn«ntci. Tht tnttrt count covtn imptctin^. itrvictng. mting, tdiuiting, 
tfoublfiliooting, «nd rtMiritit auteim>ttv4 gtfttral ourpOM vthicStt: iptoliM tntftnt tuntHip rip»r; manutl tnd tutomtM traniiiUttlon rtptactmtAt 
ind t4<istinti«t; lubrication ivtttm MrvifiinB and rtptir; cooiift9 tytttm itrvicing; pomr tr^n rtpttr ; front and and tiatrin« tytttm adummtntt and 
rtMir; broM tytttm adiuitmant and raoalr; Moming ai^ MgrninQ lytltm rtMir; hy^tuiic control rtoatr : air conditioning tysttm «»rvicing; cdrronon 
control; and prtoaratton of vafiictti for climatic conditiont ard tnipmtnt. Thit taction of tna court* contamt ont txock of imtn^tioi^ covtrm^ ik 5 
hourt. 

Slock III - 4uro f/aemiaa/ Unitt centatnt rna following ftva lattoni: 

F^ndamantais of AuTo«noTivt Elactncity, Batttnn, and Banc Eitctricai Ctrcgitt (16 HourtI 
Satt#ry ^nd Magneto i^mion Syttem (30 hours) 
Craniting Motors ard Stcrtm0 Svitfn {8 nourv) 
DC Charging $vit^rn i 3 hourt^ 
AC Charging Syittm (17.5 hours) 

Thit taction contains botn tsachtr and itudant mttarialt. Prtntao inttructor mittrtalt includa laiaon plant Outlining tht taachihia itfOi and a plan of 
inttructjon dttaiimg umts of instruction, cnttnon ot>iactivoi, duration of tha leMont, anr tupport matantlt natdtd* Studtnt mattrttn inciuda ont itudv 
'jutdt containing obnrcr.vet. xt material and revitw qutsttont. two workbooks eontamir.g shop orocadurts; and two programmtd ttxti on f undamtntaU 
of automotivf titctricitv and i^^agntto construction, oparation. and tntptction and miintananct. Anothtr r^fvrtnct on batttfv and magntto gnit^on syiti^ms 
was daitted beciuie wvai cog v^jht to. 

Stvtral miiitarv manuals and cnmmtr^iaily produced taut! art rvftrenctd, tMJt not providtd. AudfOvttuais tuggttttd for ust witn rht tntirt cours«* nctuiiv 
53 trantpaftncits. 10 'im^ jnd 208 stidts. This section u.sed n coniunction wah :ht cither thret sections orovidts compr*n«ni»wt cowtragt oi ^i*^ ? 
intpaction, maintendrc^, and '^tcair. Some documenri can dt used inotviduaMy at sub'unttt. rtmtdiai 0' todividuaiietd studv. Tn* entire course cjn dc 

jstd in a ^jrouo ^st'-LCTion^i settini} sd^jpted 'Of ind»viduat uSt. 
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And Maintenance - Progranmed Text 

Alternat or And Regulator Testing Using Sinpson Page 306 
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Programmed Text 



l! 



I 



PLAN IF INSTRUCTION 



COURSE IITLI 



C«neral Purpose V^hl« le 44ir|Mil rBinn r Part I 



BLOCK TITLE 

Auto eWctrlcal Units 



UMiTSOf INSTRUCIION ANDCKITERIOH OBJECTIVES 



1, FuadaKDtals of Automotive £lectrlcltyi 
Batteries, and Basic Electrical Circuits 

«i. Without references I identify baali: 
facts and terms relating to Ohm's Law, and 
principles of electriciry and magnetism, to 
dutermioe types of circuits and effects of 
vultage, as^erage, and resistance in auto- 
notlvt: electrical circuits, with 70Z accuracy* 

b. Without references, identify basic 
facts relative to the construction, operating 
principles, and servicing of autotaotive 
bactariea with 70Z accuracy. 

c« Given TO, looIs, equipment, storage 
battery, and observing personnel and equlpuksnt 
shop safety procedures, perform visual inspec- 
tion and use* test equipiaent to detenuine 
battery condition folliHiring the procedures, 
speclficatipna, and recuoiacadatlonM in the TO, 



FLAM OF IN&TSUCTIOM NO. 



3ABR47i30 



o I'.i — 



ATC ^ft**"^ 337 

MAM f • 



$*MHyiim% t:QlT40M5 OOSOLtT^. 



16 

Day 16, 17 



(6) 



( 0 



(J) 



:»UPPORT MATERULS AMD CUlOANrt 



Co 1 umn 1 Rc tuf e iuTi? 

la 

lb 



lu^ tcuct 1on.ll Material; 



STS Kefercu ce 

16a 

12a 

3, 4d, 9, I2c 



lABR47i3i) SO-lOl, Funduaii:ntals of Autoiuui Ive Ele^:trlcity , Batteries, i^nd 

Basic £lei:irlcal Circuits 
JAHK471JO wa-301, PunUav^nlaU of Automotive eiecirlclty. Batteries, and 

tiasic Klifctrlcal Circuits 
J.\BK47ii()-Pi-301B, FunJaw^utals of Automotive electricity 

TO nm^-i'i-i^ wrr 

Muiio Viaimi Aids 

tVKru-Kouiy ^::hart, ^^ectiun A, Fui^dauuinCals of Electricity 
L^iuy (^larty SocLlon B, Balt^rlcb 

LM~51/AA, Automotive Eltirtticlty ^or Hllliary Vehicles 
TK1-4144-OK, B*i^ic Electrical Circuits 
Transpurenciea, Batteries 

Tr a in i ng Kqulymiiiflt 

Trainer: 

Baalc Autbftiotivtf Electrical Huatd (10), 
60-2!^7'i, Magnetic Field ik:»(>n;4trator with Hagitets 
Hichanic'j Comivon Handtcols (1) 
Special Tools (1) 
BatLfe^rlffs (1) 
Battery Hydruoititttts <1) 
Bail«;ry-SLi*iter lVt>tetb (2) 

f !*l2.^JlJi ^e t »d s 
DLiCussiuii7lK:iiioo««tration (6 Ut^) 
Sttlf-ln^jtructloo (2 hrs) 



DAit 2 J^iMi u/ 19 7ti 



I 



ill 



I 



^AOt HO. l i 



(Irin^i Cop/ ^ 44* ^iH Wii 



PLAN OF MSTRUCTtON (CMtt«ii«4 



UNITS or IHSTIIJCTION A«iO CRITCfllON OBJCCTIVE& 



'HOURS) 



SUPPOHr MAlEfflALS AMD cuioancc 



2. Battery and Magneto Isnition Syatena 



a* Without refereocea, identify baaic 
facta and tanM related to the prlaclplaa of 
operation and the function and relatlonahip 
of battery and na|^to isnitioa ayatea and 
conponenta with 70X accuracy* 

b# Provided with tedinlcal publicatione» 
bench iteaa» toolet and .equlpMntt and follow* 
lag all aafety pfecatttloae» repair or aervice 
Ignition eyatM coepojpente UU tedinlcal . 

p^lifatliynff > ^ 

c. St^llad with Mgina tralMr, tMle» 
eqnipttantt mA technical pablictti^»« 
pvac^icii^ peraonnel end ii^ttlpnant ehop oafecy^ 
uee visual, mdltoryt opieretimial wana» and 
teat equipeent to dieck ignition ayatens lAH 
tedHit«#l ptthlice€ft«M# 



30 
(24/6) 
Day 16,19» 
h 20,21 



(12) 



(4) 



Perfomance (4 hra) 
Outside Aaaignaent (4 hrs) 

Instructional Enylronaent /Design 
Claasrooa (8 hrs) 
L^oratory (4 hrs) 

Instructiona l j Sul dance 

Use FT 9 revleVy and deaonstrations as required to teach electrical 
fundsnsntals and battery optfration, ealnteoancey and tenting. Coaplete 
training objectives using workbook end study references. Point out and 
cbrrect errors on the epot. Stivss energy and material coneervetion* 



Coluan 1 Reference 

2a 

2b 

2c 



STS Beference 
14a 

TT^d, 9. I4b 
3, 4d, 9, 14c 



Instructional Materlale 

3AB]t47330-S<S-302, Battery and Mag^to I^itlon Syetens 
3ABR473304n-302, Bettery and Ma^to Ignition SyeteM 
1MR47330-Sq/UB-302A, Battery and M^neto Ignition Systene 
3ABR47330-Pr-302B» Megaeto Construction » Operetlon^ Inspection^ end 

MaintensDce 
TO 3306-3*4-1 

Audio Visual Aids 

Delca-Be^r Charts Section JD, Iginltinn SysteM 
Charts - Battery end lanltiM SyeteM 
Pllas: 

TP 1-47% • Principles of Antowtim H^netM 
TP 1-4676 • XfttitlM Sysfesi S^arii Flege 
TVL 47-14 1 AtttOMtive Igniticm Syetesw 
Transparencies^ Ignition Syele«e 

Train inn Equipietnt ^ ,\ ^ 

Trainers s 

60»2527, Dvell Angle (10) 



Pt AK Of sifteucTioN MO* 3ABB47330 



oAif 2 Jmuary 197) 



SLOClt MU. 
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fhUt NO. 
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PLAN OF INSTRUCTION (Coiitinii«4 



UNITS Of INSTAUCTION ANO CRITERION OBJCCTIVES 



FtAM DP INSTRUCTION MO, 3AB1t47330 



OURATION 

„ (HOURS) 



itUFPORT MATSRULS and GUIUANuL 



60-2710, Engine. Ford, 6 CyX (2) 
60-2739, EngitM Afls«i^ly, lUC 6 Cyl (2) 

60- 2761n, Engin«, 6 Cyl (2) 

61- 2800, Engine, Valient 6 Cyl (2) 
92'>02 Engiott, Brigge 6 StraCton (2) 

Medianic*s Colioioo Uandtuols (1) 
Special Toolb (1) 

Bendi Iteou;: ignition ^;yateo ComponenCsi (1) 

Unlvt^rdal 0i«gnoi»l8 Tester (2) 

Tadi-lJw*;!! Tester (2) 

Volt-Aiii|] Tef«risr (2) 

T; Ux% LlKht (2) 

0!icn loiAuupe (2) 

*Jpark IMu^^ CleJiitsr (5) 

SprXug T -uuiuii GiiU)$t± (5) 

Trainer: 59-2427 » Mag Prin (10) 

Training Hethod a 

Diiiciitfslun/DeaionBtratiDn (12 hra) 
Perfuruance (12 hra) 
Outiildtt A^&tlgnitoant (6 lir^) 

Inatrucllonal EnvironRMint/i>eiiigp 
Claaarooa (12 hra) 
Laboratory (12 hra) 

Tiiii iructional Guidanc e 

Dis^tuia principtea,.o|Mratim, wrvice, r«ipair« teatittg^ and trouble* 
ahuuting of ignition ayat^w. Coaplata training objectivea uaing 
workbook, study references, teat t^quipaent, and aafety precautioiui. 
Uai PT for outaide .oaaigiURDttt * 
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PLAN OF INSTRUitmON \lCmk%\wm^ 



UNITS Of INSTfHlCTlON ^0 CHITeillON OftJECTlVCS 



DURAriON 



SuFPOfYT MATtmALS AHO CUIPANC£ 



3. Craoklag Motom «nd Starting Syst«« 



Without r«far«iic«tt, id«ntify basic 
facta and tana ralatad to tha prlociplaa of 
oparation» timctlon, and ralatimalilp of 
a tar ting ayataa coqponanta vith 70Z accuracy. 

b, Suppliad with TO, bench itaM, tcola» 
and aquipnant* and practicing all aafet^ 
precantiona, rapalr or aarvlce ayataa coii«>coanti 
lAM technical publication* • 

c. Provided with engine trainer, tools v 
equipnant, and TO, and practicing all aafety 
preceutiona, uae vlauelp auditory » operational 
eeaaa, and f.eat aqjipaant to cfaadt atertltig 
ayataM I AW TO. 



8 

(6/2) 
Day 22 



C olu a n I Reference 
3b 



STS Reference 
la 

3, 4d, 9. 12c 



Inatructiooal Maceriala 

3ABR47330-SG-303, Cranking Motora and Starting Sya tea 

3ABR47330-UI-303, Cranking Mutora and Starting Syate^ 
TU 3306-3-4-1 

Audio Viaual Aide 

Dfcflco-Reey Chart, Section C, Cranking Mutota 
Traiiaparendea* Starting Systama 

Trainin g Equipweoc 
Traineras 

60-2710, Hagine, Ford, 6 Cyl (2) 

60-27S9, Engine Aaaag«»ly, Jlic 6 Cyl (2) 

60-2761, Bnglna, OiC 6 Cyl (2) 

61*2800, Engine, Valiant 6 Cyl (2) 
H«chanic'a Cowm Bandtoola (ly 
Special Toola (1) 

Beach Ilea: Starter Aaaenfaliea (1) 
AriBature Teetera (S) 
Battery-Starter Ta&ter (2) 

Tralnlm WaAode 

DUcuaete n/ P ieBaatration (3*5 bra) 
Perforaettce O.S hre) 
Outaide AaatgiMeiit (2 bra) 



Inatnacttonel EuvtrotiMnt/Oeal g n 
Claaanma O.S hra) ' 
Laboratory (2*5 hra) 

Instruct tonal Gyldanca 

DIacuaa cranking notora, aoltsnoida, ttagoetic awltchea* drlvee and 
atarting drculU. Co^»lat^ training obJectlVM ueing iMrkhook^ 
teat egolp—aty and aiudy referettcea. 



^tMOf MiiaucTtONMO. 3ABR473M 
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PL^ OF INSTRUCTIOH (Cofttimir^ 



UNITS 0« INSTRUCTION AND LRtTEfliON OBiCCTiveS 



^* DC Charging System 

Ji* Without references* Identify basic 
facta and Cenas related to the priaciples of 
operation, function, and relaCioaahlp of DC 
charging system components wlih 70Z accuracy, 

b. Supplied with b**nc}\ items, tools, 
equipm/int, and TO, and using all safety 
precautions, check DC charging system components 
lAW TO, 



DURATION 



Day 2 i 



PLAN Of INSTRUCTION NO. 



SUPI*0RT MAll *<i4L$ AHO GUlDAN<.fc 



^ 

4b 



STS Rcfertiucc 
I3a~ 

3« 4d, 9, 13b 



TAbK473i()>StV')04, DC^\57ar8lnK Syjtcmb 
JAhR47ijO-yB- *04, IK: Uiarglng SysL^inii 

Ai*df<> yi^u AKhi 

Deloo-Kruiv <3i.4rt, iJecti.inij E & F, ikMic'rators 
Hiarls ^ Cut <Mit R4:liiy v A' » 

TJ I Aiicumiitiv« tlectrli'tty * i'linclples of (ieuc. ratvir^* 

i t I -^jO'i. *u4t>«-H iv*f KVectriclty - Vol tajjc HeguUtors 

60-2710, lin^lae^ p'omI o <:yi (1) 

60^2759, Kufclne A;ut;<*iiit>]y , lUC 6 */! 

60-2761, Engine, UHC 6 Cyl (2) 
/krhanio*H Cossnon UamltOols (1) 
.>Ij%:%.!*jI fcilii (I) 

A^n Cirtuiif r^iuM.itur:i (1). 

Ki!Kul;iiOi (i) S 
Vult*-Amp Tester (3) 
ra4ii-U^«*ll Tester (2) 

Arm^uurti Teuiar (5) . ' 
DlaciAssiun/lie«i«ofisiraciuu (i hrii) 



1^ Jai»\iary 







1 u 



I / 



o r^n . , • ^ " ■ — — — — , 



OF INSTRUCTION {tmm%k9mm4 



UNtll or (NITIIUCTIOM mO CM? CHION OtJCCTlVCS 



(HOUltSi 



S. AC CbsrglQg SystM 



A, WiChouC rtftraiiMSv ld«htify bulc 
f«cca And t«rw r«l«t«d to th« princlpl«s of 
operatloD, functloa, «nd ralatloMhlp of AC 
charging tystM co^onantv with 70Z accuracy* 

b. Supplied with banch ItMA^ tooU» 
•q«slf«*ot, «ad workbook, and practicing all 
aafaty pracautlon«» repair or aarvlce AC 
chargiog ayataM coa^onanCa lAW workbook, 

c. Provided with angina cralnar, tools, 
aqulpMDt, and workbook , and practicing 
parsoflBsl and equipnant ahop safety, use vlaual^ 
operational naana, and teat equlpaent to check 
DC and AC charging ayatana lAU workbook. 



FiiM Of N«fT«tlCTtON M. 3Alt47330 



17.5 
(13.5/4) i 
Day 23p24, 

25 



(b.5) 



(2) 



(5) 



Instructional Culdaoce 

Olacuaa prlnclplee, operation » aervice, repair, teatlag^ end troiAla- 
ehootlng DC charging ayaten coeponante. Complete training objectlvee 
ualng workbook, teet equlpMnt» atudy refereocee, and foUowltu eefecy 
procedurea * 



Co luim I Heference 

— 

5b 
5c 



STS Befarence 
13a 

^*d, 9, Ub 
3, 4d, 9, 13c 



instructional Haterials 
lABK47330*^SG'aOS, AC Charging Sy«it«in 
lABR473304tt^305, AC Charging System 
3ABR4733O<4IB*305A, Alternator and ikegulator Teetlng 

Audio VUual Aide 

Dslco-Remy Chart, Section K, FuodaMotala ot Delcotrons 
Dulcu-Rennf Chart, Section H, Uelcutrooa and the Charging Circuit 
CosMierclal Slldea * Cliryeler Altentator Principlee 
aiart - Kectifiera 

T ralfAt n g E^aui j yp ent 
Traiuere: 

60- 2759^ Engine Aaeeebly, liu: 6 Cyl (2)* 

61- 2800, Engine Aaaestily, Vailaot 6 Cyi (2) . 
Meclianlc'a Cnmn Uandtoola (1) 

SyecUl Toole (1) 
Bench tteM: 

Alternator (1)^ 

kcguletor (1) 
Plodo Teeter (10) ' 
Tadi-bwell Teeter (2) 
Volt--Affp Teeter (2) 
Belt Tanalon Gauge (S) 



MTt 2 January J975 



atocK no. 



Ill 



PACt HO. 



18 




39A 



#»a«v««Hit ioiTiotit oefto4.iT«- 



i«l ^ I X MIU 



m 



23' 



UMIIiOf IH^TIIUCTIOM AND CfMT<IIIOH OftjrCllVtS 



Umlmtmd TrainlDg (idMtlfUd in courts diMrt). 
6, ItewurMmC T«»c and Test Critique 



1 



PLM OP MtSTmiCTlON CCMitim»«4 



nmw iHtr micTtCH mo. 330 



1 .S 



MiP^ORf MAttKiALI ANDr»Ul('ANCE 



TraininA IteUtoda 

Diacuflaloo/DMMDiitraclfm (6.5 hra) 
P«rforMace (7 hra) 
Duuida AaaiaiUMot (4 nra) 

Ifiatructlonal EovironMnt/Paal g o 

L^ticatory (7 hra) 

loatrtictiunaA Ouidanca 

Diacuaa prloclplaa. oparatlon, fcatvtc*, rapair. taatiag, and tro^la- 
ahoociug AC charging ayaCMa and coBq>onatica. Cavplaca rha iralniog 
objactlvea ualng tha workbook* taat equlpaatic^ and atudy rafaraacaa. 



t»A<«f liO, 



19 



-ERIC 



2i_ - . 

mw^ «f aa f> 



INiaviOMi f Off IVM!^ oa^<M.cvi< 



4Pia«IC#w ^UA^t X M^ 




eCUKM NUKWIII 

3ABR47330 



couum titls 

Gtntfal PurpOSft Vhlcle RaMirman. Part I 



•kOex TITLI 

Auto Electrical Units 



UlttON TITLI 

Battery and Magneto Ignition Svat«ia 



LIISOW OUHATIOH 



/Laboratory 
D&D 12 hrs/Perf 12 hrs 



iim'fffl/CompI amentary 



TOTAL 



i / < 


PAGt OATC . RAf^AOliAPH ^ { 


STS/Cfs MFfRCNCe 


STS473X0 


OATI , 

3 SeotembAr 1<17d . _ 1 


SUPgRVISOR APPROVAL 




StGNATURC 


CATC 


SISNATURI 










1 








« 










PRECLASS PRI 


EPARATtCN 



,•J.PMC^4T UOCATSD 
tN LAlORATOftY 



: 1 * 

i2. 

!3. 

6. 
7. 
8. 



UDT 

T-ainer: 
Trainer: 
Trainer: 
Trainer: 
Trainer: 
Trainer: 
Trainer: 



60-2527 
60-2759 

60- 2751 

61- 2800 
92902 
60-2710 
59-2427 



CQUiPMCNT 



None 



None 



GRAPHIC AiOS ANC 
UNClASSIP:£C MATSRiAL 



1. 3ABR47330-SG-3'^2 ' ' 

2. 3ABR47330-WB-302 : 

3. 3ABR47330-SG/WB- 

4. 3ABR47330-PT-3C2e I 

5. TO: 3306-3-4-1 

6. Film: TFI-4676 

7. Film: TFI-4720 



CRITERION OBJECTIVES ANO TEACHING STEPS 



a. Without references, identify basic facts and terms 
operation and the function and relationship of battery 
components with 70% accuracy. 



I 



related to the principles of . 
and magneto ignition system and 



b. Provided with technical publications, bench items, ools, and equipment, and 
following all safety precautions, repair or service ignition system components lAW 
technical publications. 

C. Supplied with engine trainer, tools, equipment, and technical publications, prac- 
ticing personnel and equipment shop safety, use visual, auditory, operational means, 
and test equipment to check ignition systems lAW technical publications. 



Teaching Steps are Listed in Part II. 



ATC 



770 



it «rai i«Tt 77f • «•«/ •* 



.QUIPMENT LOCATED 
IN LABORATORY 

9. Mechanic's Conmon Hand 

tools 
10. Special tools 
U. Ignition System Components 

12. Tach-Dwell Tester 

13. Timing Light 

14. Volt-Amp Tester 

15. OscilToscope 

16. Spark Plug Cleaner 

17. Spring Tension Gauge 



GRAPHIC AIDS AND • ^ 
UNCLASSIFIED MAT. % 

8. Film; TVL47-14 

9. Chart: Sec D 

Del CO ftemy 

10. " CAFB74-121 

11. " CAFB64-416 

12. " CAFB64-417 

13. " CAFB64-418 

14. Transparencies: 
CT72-721 thru 726^ 

15. CT72-728 thru 729 

16. CT72-731 thru 732. 

17. CT72-734 thru 751 




0 Hrs 3<? i-"iTf ■-"""^•^^"^ 



I 



2. 



3. 



Attention --ind Totivitiof^. t :« sure that the students are -ertally 
ana physically alert ar.d ^ittentive by statin- tha^- . the igni tion 



fysten IS tho most cri ticT.l. sy tem'--Di^-a-..-^^ engine, ""stress 

the irportance of the ienition system. For perforT^^ance and eccnony. 
it :nupt be properly adjusted to operate at all sreeds and throttle 
sottmrr, 

Revl-v.vt .jiv-^ tnc? T^is on T..tOT.otive batteries, rrade and. critique, 
^o.j'-^c^ c^'.i-^r-.tG i.':r^wor^ i.-i^irnnen t;? , rrade ind review. Review 
fMnnn.-.r.r-.al-^ nn^-" K-tt-rie:. -^f- applicable the irnition rsysten. 

V ••'^rvi-^v/j ^ZxT'laln toda-yr; le^con and what is expected of each 

-•■'^■'^ -'^i- le.irn ■■3.bout the corronents," con^^ true tion and 
rir~-c o: r.:-, ' princirlos of the igniricn cysteir; and the inscection. 
rnpair, repi.^ce- -ont and/or adjustment of coinponents. 



BODY 



i-RE.-:.'::: . t 



e fe o c I- ar a A , F ~ r 1 

a. r-;:-:;:,r.' > : I".[tion Sycte.r, 

(1) D^^iivor .'^rirk of r'iffic.ient 
.lnt«n"i';y to irnite the air/ 
f ;el n ixture in the cornbus- 
""i'^n chanber at Lhe right 

,. J. ^ . 

3"'^rn=?r of c-loctricai energy 
(J) rattory ( ciierr.ical ) 
(i-) Generator Cmechanical) 

c. Circuitc in ignition r^ystem 
(1) Fri'T'ary ( lov/ voltao;e) 
<{-^) Secondary (hi^^^h voltage) 

d. Go inon^nts of primary circui,t 
(1) Ignition switch 

(a) anually opens and 
' closes the primary 
circuits 



2i Hrs-- 10 . in 



r.;n':i?/ en*-ax.v of to..-o tive 
electricity . 



CT?2-?7'^ *-.h^- i.:r.ltion system 
(Resir^tcr ty-rt^rC type ) 

CT72-729 I.rnition system 
operation. 



Fundamentals of autor.otive 
elec trici ty 



Use charts to snow battery 
igni tion syste-r. , ^ nairie com- 
ponents of each circuit. • 

Delco Charts, section "D" 




(a) 



Co) 



(ci) 



Furpoce i-n to protect 
the priinary coil wind- 
inijs and ii^-nition 
points from hi^rh current 

Tallast resistor-heat 
sensitive, by-passed 
dvirinr crinking-C: ' , 
Ford, Chryiier" 

N'on ballast re is tor- 
no t heat •^onsltive, not 
by-rasr;ed diirin.fr crank- 
inr-Chrysler, pre I966 

Resistor v/ire-use in 
f'lace of ballast re- 
sistor 



i-ay or may not be by- passed 



:ay ar may not be by-passed 



Heat increases resistance 



( 3 ) IV^ni tion Coil 



ou.r.rr.ari ze here 



P'j.rrc'oG in ^.0 cre-n. te 

elec tro.. c/^ne tic indue tion, 

_1 Hcq'jire'i, volta.-;e 



2 A'/^ilable volta.'fe 
(b) Construe tiori 



X 



Two seti- of coil v;ind- 
in.:rs (primary and se- 
condary.) 

Larinated soft iron 
core 

Filled v/ith oil to dis- 
sipate heat and keep 
but rioisture 



i^) Condensor 



Cr?2-?36 Coi'-.pariFon cf 
available arn required se- 
condary voi^a.■e 
V/ha t i:: needod o fir.o plug 
V/hat the coil can produce 

UOTEt Use trainer coild 

CT72-721 Irnition coil 
construction 

Do not connec" coil back- 
wards. V/ill lose up to ^0^ 
of coil efficiency 



aT72-722 Coil nilarity 
Gh'ow chSrt CAFB 6'4-hlfi 



NOrSi Use trainer condensers 



(2) 



(a) .'Purpose 



1 Re<iMces arcin,'^' of the 
ro'ints 

^ Aids in the~collapse^^^ 
magnetic field 

(b) Connected in paralslle with 
t-h,e irnition r-.Ints 



(5) rrnltlon T^oirit^ 

i^-) Located in" dis'tributer 



(' ) echani'Mlly makes and 

breaks "he pri.Tary circuit 

n'-tic fi^ld in i -ni tion 'coi 1 

{ ■') Cp'^riori by Icb'^" ^n dietri- 
hv\ter "haft 

l_ T/i'rees of iwell or ci.-n. 
\ 'le ir, r.he a:: ount of 
"Ir-e the r'ji.-i tr, are 
lof-ed . 



0172-72^1 Condensor action 



Summarize here 



CT72-725 Capacity and pitting-. 



Closed by sprini: tension 



I'se train.-r 6O/2527, i..niticr 
deTonstra-tor, dwoll anr.le 

Use sprin^T tension -au^e 



£ ;j-:!.,'reor- of dv;--?>ll depends 
on cize coint .-^ap 

^ 'J'i'.v.Y-o.r of c;!:-; lobes 
correspond i5 to number 
of cylinders. 

Sr.'D OF DAY SUr.aiARY 



Ad j list -iv/eli before ad jus tin; 
timinr, 

S'lrpnari z-^ the pri"^ary cir- 
cuit operation* 



1, ^ Rer.tato a,M ob,i-:=c tives cQv<^red in 

todnyp lesson on construction and 
operation of the battery irnition 
svsr.eiri. 

2. Erpha:^-lze the i.-nporta'nce of the 
i-^nitlon sys.te'n for '^6od vehicle 

■ perforiiance and operation. 



1. Restate objectives of the 
lesson (covered in this .day) 

2. ^ Hnphasise the areas of 
.najor , iinportance 

3. t'se oral questions to 
determine areas to be re- 
taufht. 



(31 



^sg - the : f ollQwinr , gueati on^ to 



1^ 




tau«;ht» 

a. V/hat Is meant by cam angle? 

b. V/hat will be the result of oil 
or dirt on the face of the con- 
tact po-ints? 

c. Hov/ are the points and condensor 
connected? 

d. Explain hov; vol ta re i^r induced 
into the secondary circuit. 

e. How and v/hen. is irnition point 
' spring tension rreaGured? 

f. V/hat ir the purposo of the 
ignition resistor? 

g. Ho'.v do :;o\\ nrerare tent equipment 
before ui'lnir it? 

h. Ex\>lirn v/nat rT;vir''"-'i vol tare 



and avaixaclo .vol In. 



assicj::: E:;ri 



I- 01 Tira 2T-:"art 2 



(1) Hon-] t^nud'^nt st-iy r-iido 
3A2i^-'-i'733'^-3^^2 . He prepared to 
anr^v/er qu^s^ionG on the i,"nitian 
system tonorrov/, 

(2) XXXXX . aire a closin- statement 
to tie lesson v/ith assiijnment for 
next days lesson, 

(3) Rerrind studentc to set a pattern- 
of study and then stick to it. 



Ask questions orally 



Hrs 



1, Identify study materials 



2, Give reasons for student 
to study assignment 



3. Mention method of study 
INTRCDjCTICM TO NEV/ DAYS WORK * - ■ • 

Arouse studentrs interest by inakin^: a startling staternent or asking 
a bhetorical question pertaining to basic ignition, system components. 
Eoiphasize the , importance of understanding the ignition system, 

Re'/iev/ the main point?? of yesterdays lesson pertaining to the 
components of the battery, and the ignition' system. Collect 




students CTT homework, grade and review, Setedch as nfte4ed. 



'TTie objective for you today is to 'learn the conoonsrits and 
operation of the secondary circuit. You will learn testing pro- 
cedures for the ignition 5?ygtem and also the purpose, con*tr\Jction. 
servicing:, and testing of spark plugs. . 

PRESENTATION! . • ' 

1. Reference t^ra A, Part 



a. Ccnpor.ent-n of secondary circuit 
, (1) Secorriary coil windings 
Distributor cap 



Constrvictei of baite* 
lite or hard plastic 

■.V -rkr=: wi nh ro'tar to * 
nr^ot hii-h volta^s^e to 
Proper spark plugs 

3her;> for cracks;, carbon 
trackf? and corrosion of 
terrr Inalo 



(a] Rr-»c?iver; -rpirk from coil 
ind distributes to each 
cylinder 

(b) Check for cracks, carbon 
tracks 'and corrosion. 

(^1-) Hirn tension wires 

(a) Heavy insulation because 
of hiph" voltage 

.-(b) Steel filled wires 
" 'V (c) Carbon of resistor wires , 
I TVRS u?ed to reduce 
rst3ll}SX3lKXXX)IJf2 



Use section "D" Delco charts 



GT72-726 ♦Distributor cap 
and rotgr construction 



/ 



/ 



(5) 



radio and teXavislon 



2 Reduces spark plug 
electrode eorro-sion 



b. Distributer advance units 

(1) Centrifugal or mechanical 
advance 

(a) Advances timing to cor.- 
pensate for engine spaed, 

(b) :.ove5 distributor cam in 
the direction of dis- 
tributor shaft rotation. 

(2) Yacuum advanc* 

(a) Advances timing to com- 
pensate for speed of 
combustion 



I \ 

Summarize the secondary 
circuit operation. 

Show film 

Auto electrical ignition 
systems 



CT72-731D Distributer Assy. 
Centrifugal type mechanism. 



CT72-732 Vacuun advance 
nechanism 



(b) 
(c) 



(e) 



""0V9 p-ointn opposite 
di3tributor shaft rotation 

I OS': effective at part 
throttle 

Airount of advance de- 
pends on I 

1 Throttle position 

2 Resultant vacuum 

Used for economy purposes 



Connected^to carb or intake 
manifold 



Reference Para 2, fart 2 

a. Ignition resistor 

(1) Voltage drop / 

(2) Connections 

b. Ignition coil 

(1) Coil hoat 

(2) Secondary continuity 

r 

(3) Capacity 

- (6) 



Summarize advance mechanisms 



Use volts arnp tester 



3.} 




c. Distributor 



/ 



(1) Cap 

(2) Rotor 

(3) Points 
(-0 Cond ensor 

(5) DiGtrib'itor shaft 

Advance tnech.''iruii!':3 • 
(■") rri-ary *Xear} 
d. .Low and hizh her. c; ion wires 
( ) Vic'ial inrr>3ction 
('-) C'=^ccndary '?fficiency 
( \' zrirary v/irip..-, insulation 
■MJA"K'.'t Tart :■, yara 2 

i. ":-•!:•:- r-^nch it'^:-^, n-ich a* 

:i'-;-ril-uLor:. r^^ilr, r«>sir,tors, 

; - ta c t p o } :\ t , v/ \ v i n r and 
c nn-ctions, cor-on ind special 
••••■tr.d tooin, J.G,':-;, student 
v/oric!-ook. :-erfor-' task^ r«- 
i:ited to -the i, -nit Inn pystef^. 
3';ud.^nt-.- will r'^rforrr. the 

e wrlttr-n a-r:i-nr:ient in the 
•^•rident v/ork-book with help from 
the instructor, and will 
a-:cor,p]irh taskr^ lAV/ ^anufactyr- 
'--r:^ r-pocifications and technical 
. OiMerc. 

2. StvidAf-.t:: v/lll draw a schematic of 
tr^o r.ntt-ry i-nition synten uoin;^ 
oyTbolnand anne each itenu^and bp 
i.Ue to explain its purpose without 
'irror. 

3. sxaaxMxxxjfrxmfiijfjiifrxx . 



. .;„„ 



.'.•OTE:: 3o!- g of tho annli- 
throa.-dout t.-ie rr*?sentation 



ur.e 3A -R-'i7330-V/5-302 

Hand toolo 
Special tools 
Sun^ U.D.T. , 
Spring tenrjicn gau«:e 



(7) 



::" "*c:"" /■ ".:".'V:.'vr..Z':' 




ERIC 



c . 



/ 



3. Refgrencei Kara C, Par;t 2 



11 



(Gr-6, pord ^jnd Chrysler) 

* 

(1) Remove distributer cap 

(2) Remove rotor 

(3) >"lace point rubbin,^ bloclc on 
high point of cam lobe 

C-^) Lcopsn hold-do^vn .-crew 

(5) Adjust ;^an - Une feeler sau£ce 

(c) rirchten hold-down screw 

(7) Check with dwell me.ter 
Ad.inst ignition points (G^" 6 cyl) 

(1). Open v/incJow in distributor 

(-} In^Grt l/'^" ollon .vrench 

(3) Turn v/rencii to adjust points 

{L) 01-3'?rve setti:::- v;ith ^.vell 

3as:ic I.-nition tirrin~ 

(1) Relieve nuirber 1 spark plug 

rlace number 1 piston on T.D.C. 



Use engine trainers* 
60-2527, 60-2759 ' • 
60-2761- 61-2300 

SG 302 . 

Eattery and magneto 
Ignition systems 



Use tach dwell 

Show how to use neter 

i»v« ~ — V — -f— a. 



(2) 



of compression stroke 



(3) Install distributor in 

oorroct position as per rran- 
ufac turer. 

(^) , l^osltion rotor in proper 
direction. 

(5) Find 'Jirection of rotor 
rotation 

(a) Turn rotor by hand 

» 

(b) Check manufacturers 



Derions tra !:'=5 v.sing tach 
dwell and timin^^light , 



Valve overlap or "thumb 
method" 



specs 



(8) 



1 



points are about to open 

• (7) Install distributer cap 

<3) Replace secondary wiring 

(a) flace nurjber 1 where 
rotor in pointin.e; 

(■^j Ir;.:- r^-alnin;- wires 
-iccor liny to rotor 
roTiUon ind engine 
firing ord^r. 

(9) Oieck v.'itii tinin^: light 

Refere.-T^'?! i-ira C, ?art 2 

I'irpc-? of ^rirk rl'j" 

(!■ .r-r/l'ier: -fn air r-P to 

(-> I ni!--^^- air/'i';'?i .mixture in 
'■••.e cylinder 



V 1 / 



(-) Gro'.ini olec^rode 
(3) Shell ( porc«l.::\in ) 
CO Gasket :'eat ' 

of plu-^ (heat ranges) 

( 1 ) H'.i t 

(;■} Cold 

( j } ,'ov/er tip 
i-l'ir, reach 



Use tirr.ing light 
Demonstrate 



Sunrrarize procedures for ad- 
jus tin,g points and timing 



engine 



(Spark pl'^.':) 



3hcv/ ci;?irt CAF3 ^-^^-^17 

CT72-775 3p=irv nlu^s 
(renistor tyre) 



Show chart CAFB 

CT72-73^ Spark plug heat 
range 

Shov/ chart CA'-? 6'-i-^;i5 
extended electrodes 



(9) 



3{: 




(1) Oistanco from gasket s«at 
to enq of tturaadg — 



Thread si si 

(1) Dia'-e 



ter or tiireads mea- 
in millimeterg.' 



(2) *:o£t 'corrnoni 10, 1^, 18 and 

2'; n;n 

(1) Viaual inspacticn 

(2) Claa;; 

(3) Sand blast (3 seconds only) 
Square off electrodes 



(5 J Adjurrv 

AFFLiCAri 

1. .Rofor-^'.:.'-:-: • n.ro. , ."-irt 2 



Use spark plug cleaning 

machine 

Shcv/ Cilrn More 

Shov; filn^ TFI-^6?6 

Ignition sycter. ( coark plug) 

Sur.r.arize Spirk plur.s here. 



."''CTEi Sore of the applica- 
bicr. i E interrr'?rr;9d' throu^gh- 
out the presentation 

Use tach-d'.voll tf?::^ter 
'J"e "tolts ar"T) teeter 



e::d cf daxs su;-:..ary 



suTa.AR*: 
1. 



Restate ail ob:octivez covered In 
todayn l-';:-on v/hich are conctruction 
ar:d OT-'oro '.ion -of the secondary cir- 
cuit teEtln.' -rccedure for the basic 
i,2niticn ryrtem and tiic purpose, 
conctruction, cervicinr and testing/ 
of spark nr.urs. 



2, " Enpha si xe tiie ir.norljance of under- 
standing t};e ignition system. The 



Restate objective of the 
lesson (covered in this day) 



Emphasize the areas of 
major importance 



(10) 




imrortancG g f a prop erly timed 

in t^ood condition, 

Use tho foll3win,'3 questionG (oral) 
to determine areas to he re taught. 

a. 'Vhnt is t;he purpose of the 
cond f?nr?or? 



0 
e, 



■ Wr-it i.,- tYi''^ ''urp^.-e of tVie 
rrl^nry col l" windlr.-i? 

V/i'n.t ic '•:~'>c: t-j ■ >r:-;jr« poin" 
-r'riri - ten: 'ion? 



Use oral questions to deter- 
rr.ine areas to be re taught, 

Aak questions orally 



'h.v'^'iil cf tho cor. ^TiO*: roints? 



.5!; ?r>: r I'; , 



'o . 1 1 ' i In.- r r.^cp'i ir for 



1, Ro-r(^a i r- t:;:'i'S»nt t'^-^iy rwi'l** 
3A~R'^7'r30-3--.^j. Ar.:,:v/.-r" n-JocUons at 

tho oryi ?r '-h^ cmrter nn^i ^riv*? the page 
?)n(: nnr^.Tif^h v.'r..->r» th*? an.3-.vers were 
fourtl, "R^a'-i •"iterial on 

on r»iec trcriir irnl tion systorr.s. 

2, r-ik'j^a c lor if..- t.-i Ic^en t to tiiK. 
ti<^ in -.vl ti^. t}.'^ >ir;".i^K}nont I'or the 
next rlnys lonrjon. 

inr 3ni sturty th« r-a::'? tine' 
each di.y to fur-n better F,t'My habits. 



Z Hrs 



Identify study naterial 

^ive reasons for r-tudent to 
to sifeudy assignment 

: en tion riethod ot stiidy 
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XT Gain hudents att«?nhion by tollinr then ths l.-nortance of 

umlerr3«;andinir the electronic irnition ?;y3t^n. Ass'.ire that the 
students are mentally and pnyeically alert. ' otivate the sfidents 
- toward s'lccesstf-il cor.pletion of today's lesson >.y aopealin.' to 
his need to know. ' " 

■ 

2. Review ite-rs of r.ajor i-jportance in pravious da.Vs lesson. Collect, 
review err ho.r,ev/ork aspi-fi -ents. teach as n?ede^, Give a brief, 

^ review of the iffnitioci system as it pertainr? to todays lesson. 

3. State todays objective by telling students how they ar^ to learn 
construction, op^sratinr: priniiples, testing and analysing of ths 
electronic i,~nition system. 

PRE3E^'TATI0^:l Rafar 

1. Reference Para A, I-art 3 

a. l-urpose of electronic iijnition 



jse Delco Charts 



(1) Sane as conventional i,'','ni- 
ti'jn aystein. Delivers 'a 

7 rark o i ffi c ein t ■ in ten.'^i ty 

to iniit-^ the air fuel r.ixture in 

t-ie Goi'.b'JGtl on chain cer at the rl:jnt 

ti-e. 

(2) Eli-iin3. ter tl'.e ignition pointr, 

(a) iliiiiinate:? dv/eil variance 
due to contact, point 
v/ear. 

J 

(b) Elininates tiniin^j variance 

(c) Insures more efficeint 
engine operation and less 
maintenance. 



b. Electronic Ignition r^ystem coir.' 
. ponents 

(1) CoHiponentc which are the 
same as conventional igni- 
tion coir ponents. 

(a) Distributor- housing 

(b) Advance mechanism 

(12) 



Use bench itens herei 

Distributor control unit 
wiring 



4-* ' f 



(c) Rotor 




(e) Ignition coil (some) 

(f) Spark plugs 
(2) Mew Components I 

Dual ballir^t resistor 

( b) Pick-up unit 

Co) Reluctor 

(4) Control unit 

(e) Cond'-'nrsor no longer 
required, * 

(3; Constrnctioa i/id operation 
oT electronic i.^nitioni 

(a) R'^luctor aiid pick-up 
phynically . Replace 
■i,'nitl'-ni point :^ and dist, 
ca/'i . 

( 1 ) HI Ironanie tic din- 
in iucfci on. 

(2) Ir::iuce'i tri-.%^er si.rrial 

• (b) Slec tronic. control unit 

(1) Fick-up signal 

triggers control unit 

(c) Crjntrol unit interupts 
primary current flow, 

(3) Control unit elet- 
.tronlca.lly ietermines 
dwell (can not be 
changed) 



Use transparancies CT- 



4. 



APPLICATION 

1. rara B, rart 3 



Use W33023 hefe 
Electronic ignition 
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TTsing en-ine trainerfs (slant 6) NOTB-t Some application 



orate and set up engines r>er 
instructions on 3A3R^7330-WS-3026 

END* OF DAY SUf.uVARY 

1. Resfcato all objectives covered in 
today- iGscon which are cons true tion, 
operating- principles, tenting and 
analyzing electronic i-rnition systems. 

2. Emphasize the ir.cortnnce of under- 
stand i r, f?; _ the diffrsrence betv/een 
electronic ignition and conventional 
ignition systems. 

3. Ur.e the follov/in^- questions as an oral 
quiz to establish areas to be reviewed, 
or retauuht'. 

a. V/h?.t are the six (6) items that are 
CQ,'?,n-.on to both i;,;nition systenis:^ 

b. V/hit: arc tr.Q fivo ne;;-' 'i tons that 
are p'^c-.tliar to Gle-::tronic inii- 
tion syste-i orily? 

c. List the ci.^-ni fic?.r. " ant?anta,!es 

^. of the electronic ignition systeri. 

d. V/ha': is a roluctor? 

e. V/hy do v/e use a non-Tie tallic feeler, 
gauge for adjustrrent? 

IMTRCDUCTICn TO NEW DAY»S V/CRK 

1. Gain the students attention by telling tnern how useful an:i 
oscilloGcor-o can be, if used properly. Ascertain thet they are 
mentally and physically alert an\l attentive. :;otivri!;G the students ' 
toward successful coroletion of todays lesson by arpealinr to his 
need to know how to correctly use and interpret the wave forms of 

an oscilloscope,, ' - - „ 

2, Review itens of major importance in previous days lesson. Collect 
^ xixtflK review CTT homeworlc' asrimments. Retaach as needed. 



(1^0 



3. State todays objective by teliing students how they are to learn 
the testiric: and analysing of the ignition system using^an oscillo- 
scope. Also covered in todays lesson is the construction, and 
operation of the fiagneto Ignition System. 

PRESEUTATICNi Reference i Fara C, Part 1 

1. rar tici|:?i t» in -^^ fiiscusnlon on the 
ba?^ic cr*^rntion, -md tecrinl'iue?; for 
tentiru- th-i battery i^:nition system 
usin:i tlv^ Oscilloscope, Students will 
be able tc mnv/'^r questions wjLth at 
least 70,'' ioci.>racy. 

X a. Purpose 

(1) Dioplay;^ a ^j^^^^f'- ii'^e pic- 
ture of the vol ta^^'2 in an 
i^lM tiofi ryster' compared 
to tine 

(a) Vertical line is tjoltage 

(b) H';ri2ontal line is time 



Use Sun ocooe 



r f n 1 i :\ n n ■ 1 1 y ? i n i i ti on 
^■yr, toTi .-n 1 furic ^. \. ons 



b, S-^opo T a tt3r-,':s ( v/ave form ) 
(1) i ri.:iary v/aveforn 

{■x) Firin,f^ section 
1 



CT72-739 Basic Pattern Sec- 
tion 

CT72-751 Primary 'Va ye form 

In terpre Nation 
Have students develop a 
typic-il waveform as pattern 
is discussed 



_ Period that the' 

actual firing of the 
spark plu^ takes place Displays primary circiuf. 

CT72-7'il Test Indications 
z lJin,.Lni.';hin^ oscilla- 7^5 5; 7^6 Test Indications 
tions represent the re- 
peated charging and CT72-7^8 Test Indication 
discharging of the con- 
denser while the plpg , . 
is firing 

(t) Interrrieiiate section 

2 Gradually diminishing 
oscillations that re- 
. present the energy re- 
naininf in the coil 



CT72-740 Test Indication 
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4 4^ 



after the spark is 



CT72-7^7 Test In<3ications 
^|2*7^§ Test In<iicatiiwi« 



Test 



(c) Dwell section 



Begins '{then points 
close 

f 

Shows hine points 
remain closed 

3hov;3 :;irn curr<?nt 
flov/r; in primary 
circuit 



(2) Secondary V.'aveforrr! 



(a) 



Firing section 

1 ZXlZ-ATii% Firing line 

2. V'^rtlc^l line indi- 
cri. 3 vclta. -55 re- 
'■^viire:: to fire snark 

Z SiJai'k lir:e 



Summarize here 

Have students develop a typico 
waveform as the pattern is 
discussed 

CT72-7^3 Test Indication 
CT72-7^^ Test Indications 



Use 3'm Scope ^..'id 6^-}l'}5 
Auto A.G, D.C. Systems 



CT72-?^2 Test Ii:dications 



(b) 



a Ho ri znr. tal line 

indic'ites time plur, 
firing 

Intermediate section 

1 Diminishing oscillations 

^ * 

a Represent energy 
reniaining in coil 

b Result of coil 
and condenser ac-» 
tion 



(c) Dwell section 

1 Feriod of time points 
' ~ are closed Summarize here 



(16) 



o. C-ilibriilon hroce^l-jro . ^ Use Sun scope and Cr72-738 

- • ^ • ( A) Sun Scop« Gonnectl^Eie 

- \\ \ ■ 'Ct WI fl*?^ t B #<?B# fe<»"~tr l.-QY ' "~~ — "~- - ■ f*f w^^^^ f Y^l ■ ' 

T ^ • l»b M . \.m ^* "A* •*:^^-^^r-**T^ ^^^BF^^^^ > " it Tj f J~ 

sourc<^ ' ' " ■ . 

(•?) Turn power r^v/ltcn to "Ori" 

(i) rilot li?rht should be on 

(■") Frerr^ r^^sftt but'ton'if not 
(■) "-wn bri hineso control 

(■-) Ai.iuFtc (nr?j*!» in'i -^'xpand Knobn ^ 
to ali^h'ii with d'^to - 

I ) , "'{rn u^jlirit:;/ rwitch to cor- 
recponi to,f?f'.rine polarity 

(•'•) :\-.'t'it'? vorticil r--~i ti on 

knob until dot - oves acres." 
r.»n line 



'P dot 



o 1 in r 1 .-^ T , rn i r r d o 



( :'• ) A'-'^r" r .\r".i';^ )- -or- -jntll dot 

r: " v^'r*:ical line Su-i rnari^-? i;ere, 

--^ coruM-'?c r i or-." t: "-"i. ine V^^e Sun Sere 

(1) ; -oond'iry ~v,'Tv« f Dr^ t at'tern For pri-'viry wavefor:-: connect 

. picKup to dictributor side 
(i) ' P.'^d p-it'.-irn pick-un of ceil 

liac! tr. coil high ten- 
sion lead 

■ (b) PlacJc pattsm pick-up 
lf?rii to PTOund 

(^) Tri.'i.'^r nick-up lead to 
r\ .''park plug,., wire 

i 

( i). 3*^^ i-.-'lirlby .switch... 
onno.'-ite veiiicleis bat- 
• ■ tery • 

(e) 3t-2rt eni'ine. and adjunt , 
• , ' i il<^ ^ed 
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U) Adjust nriri- line height 



2^ 



(s) Adjust xz;;5cx trigger 

stability knob if waveform is 
unstable 

(2) Superimposed waveform 

(a) Connect sixj^Kx trigger 
pick-up lead to center of 
coil hii;h tension wire 

* 

(b) Leave everything else as 
above 

2, Reference I i-.ira A, lart 1 

The students will prirticipate in a 
di?;cusr;ion on the t^nic operation 
?ind construction, procedures and 
technique?: for servicin.j and test- 
ing the - arneto irnition systo;^ by 
usin.<; bench iter-, arnetor,, coil", 
condensers, sparlr ["sTu^r, con,''ion and 
npeciil '.ind toolp, t3st '?quir- 
rent. -ractice s-^.r-^ty at all ti.^.es 
and '.'.'ill bri aria n.'-.-^v/er qve^^ tions, 
v/ritter' or orn l, v.-i tr. a t iea.'=;t 
70,1; accuracy 

a. r'.irpose of 'na^rneto 

(1) To create electricity 

and to buiii vol tare of 
sufficient intensity to ignite 
the-air/fuol rixture in the 
combustion:! chair.ber at the 
right ti.-Tie. 

b. , Co'Tiponents 

(1) l-ri'iary coil 

(2) Secondary coil 

(3) Contact points 
(^) Conden.^er * 

(5) Distributor cap 



Summarize here. 

Use Trainer I y.agneto prin- 
ciple 59/2^27 



'Jse Engine Trainers 92902 
Sn.^^ine 3rirzs i Stratton for 
demons tratipn 



fT 3023 *ag;;eto Construction 
Operation, Inspection and 
rain tenance 

59-2^27 ::ai;neto Trainer 



ERIC 



• 
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• ' O . rrrr^—. r 




Opera fciri: princlp/l.en 



So 



(a) I're^i to create a stron*: 

(b) ■'iround oMt orirary to 



;-:?'-'.rvn'ir( i-y 01. veil*; 



(2) 



AiF:.i*:A'i :: i 



- G r 



1. 



hand too Ir , T . t . • r arri c D-:nt?rcial 
T'l'i'jn !.<? . St'i-ionts 'vlll cilibnta 
?.nfi conno<?t -'.n or^jci llosc jr*'3 to a 

o'JtU-.i.i o:/;v\: 302A, urging all 
nfoty Hictor:; v/i t'n :''ini'r':!r -^uid- 
''.ric^ "rorr th ? i n3 tnrc tor , iS 



2, I'lra C, isrt 



■Sutr.Tarl ze here 



Ir.pilrro 'coupler 



rrln o oper'alLcn of- auto 
rr?.'rne t^; 



■Jce S;;n :;core v cn. in{5 Train- 
ers ''0-2 75?, 60-2-^-1, CO-2800. 

IHC a:.C Yitliant 

60-2710-Ford 



NOT?: I Zo'^.e of th--) inpU-ia ti'-r 
is in ternperiTed throu^'hout 
th-^ oresentation 

Uso hani tools and r-cecial 
toolr 

Tirr.in<; Li.rhts 



;er!c' 
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Use bQtich items, such as i Magnetos, Workbook 3023 ' ' ^ _^ 

sp^rk plu^St common -9.n<l npfciaLl-h^ - Use engine tiainerg- 9290f ^ 

and. test equipnent, students will dis- 
assemble tna^netos ^and inspect a^id-ai- ■ T.O. 33D6-3-4-1 Cotr.rnercial ^ 
adjust co.Tponenfcs. Cor^nlete student ?. anuals 

workbook 3AHR^-v7330-302 , using all 
safety factors with little guidance 
from the instructor. 

EVALUATIC::: 

1, V/hat I? the nuri^o^o of -.n oscilloscope? 

2, How i.-: tire displ^iyod c.n the "ccpe? 

3, How Voltaire displayed? " " 

V/hat ?re the three emotions of tlie 
prirnry waveform pattern? 

5. '.'hat loec ;park line of the second- ' n 
nry r attorn .-ho'.v? 

6, i:<r;lnir. v;i:a t dv,"^li on shov/s? 

3. -.ir-^ r:.^-.e a'Vv'-in t a. of a rna:_"neto7 

9. v/hat xT'-} the ■ii.-.?dvanta.,-''ic of a ■■■■^p;neKo? 
10, jezcrlce the operation of the magneto. 

CQ;\'CL'J3ICU cO yin 

SLV'-ARi a::d r3:.-c:ivatic::i 

1, Revicv/ all -ain :;ointc of todays les3on on usin.^ the oscilloscope 
and o.n the f*a-:;;neto ij;nition system, 

2. Rer-otivate the students on knowing the proper proced'.ires to use 
when UGinu an o.'vcilloscope and v/hen repairin^j a r,a{5neto. 

ASSIGr;: ENT A:;D CLCSURSi Cir FOI rara 2C ' £ Hrs 

' X. Review Student Study Guide 3A"R^7330-302 and 3A3R^7330-3025. 
CoTTiplete pro^ranrred instructional package on nagnetos. 
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2, Prepare for a quiz tor.jorrow on battery and magneta ignition systems 
t'^ 'Oscilloscope. Read^SC-303i Cranking iio tors and I>«Ua boolt^ 



3. V/RAF^'UFi This concludes the sub;ject but the information learned 
here will be applied ar: the student continues in the course. 
Review of this Study Guide, and information is reconmended through- 
out the course. 
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APPROVAL orrtct^MMATt 



III 



LISSON PLAM ( PtftL G«imU 



IHtTRyCTOP 



COUmC TITCI 



Sgptrtl PuroQit Yihirlt 8Mi^Mu-£itt-L 



•LOCK TiTLt 



CCStON TITUI 

Cranking Motors and Starting Systam 



CL AMnooii / Laooratory 
O&O 3.5 hrs/Perf 2.5 hrs 



Ct»SW DURATION 



kmMOMjr/CoRipl onentary 
\ 2JltS 



TOTAL 



^AOC DATE 



STS473X0 




3 



SUPCHVISOU APPROVAL 



SlGHATUm 



OATC 



SIONATUWC 



OATE 



PRECLASS PREPARATION 



EQUIPMENT LOCATtO 
IH i^AaORATORY 



1. Trainer: 60-2710 

2. Trainer: 60-2759 

3. Trainer: 60-2761 

4. Trainer: 61-2800 

5. Mechanic's Cornmon 
Hand Tools 

6. Special Tools 

7. Starter Assemblies 



None 



CLASSIPieO MATCRlAt 



None 



OAAPmC AlQ$ AHC 
JNC.ASSIFIEO MATER)At 



1. 3ABR47330-SG-303 

2. 3ABR47330-WB-303 

3. TO 33D6-3-4-1 

4. Chart: Section "C" 
Del CO Remy 

5. Trans: CT72-780 

6. Trans: CT72-793 

7. Trans: CT72-794 



(OYER) 



CRITERION OBJECTIVES AND TEACHING STEPS 



(OVER) 



a. Without references identify basic facts and terms related to the principles of 
operation, function, and relationship of starting system components with 70X accuracy. 

b. Supplied with TO, bench Items, tools, and equipment, and practicing all safety pre- 
cautions, repair or service systme components lAW technical publications. 

c. Provided with engine trainer, tools, equipment, and TO, and practicing all safety 
precautions, use visual, auditory, oparatlonal means, and test equipment to check ^ 
starting systems lAW TO. 



Teaching Steps are Listed In Part II. 



ATC 



770 



EQUIPMENT LOCATED 
IN LABORATORY 

8. Armature Testers 

9. Battery-Starter 
Tester 



6i<APHIC AIDS AND 0 
UNCLASSIFIED MAT . 

8. Trans CT 72-797 

9. " " " 796 

10. " " " 795 

11. 798 

12. " " » 784 

13. - " " 785 

14. " 786 

15. " " 787 




inift' — * -^^^^j-^ 

1. Attention and Motivationi Gain the students* attention by asking . 

• theiTi what it would be like to hand crank an engine to start it, such 
as was done in the days of the %Model Ford", Motivate the 
students by asking them why we need a cranking motor? Explain the 
importance of the starting system. 

2. Review I Give the quiz on ignition systems, grade and critique, 
Rev:ew fundamentals of electricity as applicable to today's lesson. 
Ask questions to be sure the students understand these basic principles 

3. Overview! and TIE-IN i In today's lesson, we are going to iearn 
the operating principles, construction, repairing and testing of 
cranking motors and starting systems. 



BODY 



i Hrs li ..:in 



rftSSENTAPIONi 



1. Reference rara a, Part 1 

Students will participate in a Use Student Study Guide SG303 

discussion and determine the |!VZiDBaKxa< 
purpose of the starter system. 



a. 



Purpose of the cranking motor 
(1) 



(2) 



Provide power for crank- 
ing internal combustion 
engines 

Converts electrical 
energy into mechanical 
energy 



CT72-7oG 

The Starting Circuit 



b. Caution 

(1) Starter under size for 
capaci ty 

(a) r.laxiraum safe oper- 
ating time is 30 
seconds 

(b) Vfait 2 minutes be- 
fore restarting 

Reference Para a, Fart 1 
Students will participate in a 
discussion on the operating 
principles of the DC cranking 
motor. 



Will be damaged if cranked to 
long 



Use Bench Itemsi Cranici;ig 4..6tors 
& Armaturrs 

Battery- Starter Tester 



3. 



cranking motor 



(I) 

(3) 

(5) 



Current carrying con- 
ductor' 

Magnetic field 

Result (motion) 

Direction of (motion) 
rotation 

Commutator 

# 

(a) Switches polarity 
of conductors 



Reference Para b, Part 1 
Participate in a discussion on 
cranking motors 

1, Components of cranking motor 



' 1 ^ 



(2) 



Armature (current 
carrying conductor) 

Field coil and pole 
pieoes 



ERIC 



(3) Housing or case 

(U) Commutator and end frame 

(5) Drive end housing and 
drive unit 

(6) Brushes 

(7) Thru bolts 
Reference Para f, Part 1 

a. Cranking motor circuits 

(1) Two coil four pole 

(2) Four coil four pole 

(3) Staight series winding 



(2) 




Armature 

Field windings & pole ^ieces 



Summarize he^'^e. 

Use Bench Itemsi 
Starters 

Armature Testers 

CT72-793 Starting ;:otor Dis- 
assembled. Have students dis- 
assemble bench item starting 
motor 

Use Delco Remy charts 
Section "C" 



Aids magnetic circuit 



Replace when half worn away 

Use Bench Itemsi 
Starters 

Armature Terster > 

Battery Starter 
Tester 



5;: 



(a) Purpose of shunt is 
to oontroX ovsr^» 
speeding of armature 



Summarise here 



5. 



Reference Para f. Part 1 



a. Identify electrical mal- 
functions which can occur in 
starting motors 



When soldering electrical 
connections, use Rosin Care 
Solder 



(1) Open circuit 

(2) Short circuit 

(3) Unwanted ground 

(^) Excessive resistance 
b. Testing electrical components Use armature tester (growler) 

(1) Armature 

(a) Opens 

(b) Shorts 

(c) Unwanted grounds 

(2) Field windings 

(a) ' Opens 

(b) Unwanted grounds 

6, Reference Para f, Part 1 

Students will participate in a 
discussion and demonstration of the 
purpose and different types of 
starter drives. 

a. Purpose of starter drives 

(1) Transmits, the cranking 
torque to the engine fly- 
wheel 

(2) Disconnects the cranking 
motor from the engine fly- 
wheel when vngine startst 



(3) 




b* ^yp«» of startAT drives 



Cf73*794 StarMnc jsotw^j^ 



(1) Overrunning clutch 

(a) Operated manually or 
by a solenoid 

(b) Positive action 
clutch '- 

(2) Bendix drive 

(a) Inertia operated 

(b) Drive spring acts as 
a shock absorber 



7. Reference Fara f, Part 1 

The students will participate in a 
discussion on the operating 
principles of cranking motor 
solenoid circuits, 

a. Cranking motor principles of 
circui ts 



Foot operated control 

Pedal shift or aamual 
con trol 



(v3) Solenoid shift unit 

(a) Two sets of wind- 
ings 

1 Pull-in 

2 Hold-in 

(b) Connected in 
parallel 



(c) Need a shifting 
lever 

(d) Used with over- 
running clutch 



Show students one of each type 
of starter drive 

Must have a shift lever 
Most common 



"Automatic" 



Weak^ part of uni t 
Summarize here 



CT72-797 Relay and gear shifting 
Solenoid Switch Circuit 



Bench Iter. i 
Starter Assembly 



CT72-795 Solenoids 



Large dia, windings 
Small dia« windings 



CT72-798 Cranking Motor (En- 
closed Shift Lever Type) 



^2 



1^ 




< ^ ) SSft0)« tie mvi 



^■A AT-"- 



8. 



(a) Makes use of shorter Less Resistance used in Fords 
Battery cables 



(b) Used with Bendix 
Drive 

Reference Fara f, Part 1 
Students will participate in a 
discussion and demonstration on 
procedures for proper periodic 
cranking motor maintenance. 



Use Bench Itemsi 
Starter Assy. 

Use Bench Itemsi 
Starter Assy, 

Amature Tester 
fiattery-S tarter Tester 



Cranking motor maintenance 

(1) Every 5,000 toiles check 
all cables and connections,, 
should be tight and clean 

(2) To prevent overheating, do 
not operate motor longer 
than 30 seconds 

(3) Check for thrown solder Summarize here 



Use workbook 3ABRi*-7330-v;3-303 



Reference rara c, part 1 
Students will participate in a 
discbflr;ion and demonstration on 
the established procedures, 
using test eqiiipment to test 
cranking motors. Students wi41 
have a basic understanding of 
these tests. 



a. Uosting cranking motors 

(1) Resistance Tests 

(2) Amperage draw test 
APPLICATia^l 

1. Reference Fara c, Fart 1 



Engine Trainers i 60-2710 Ford 6, 

60-2739 IHC 6 Cyl, 

60-2761 Gl.iC 6 Cyl, 

and 61-2800 Valiant 6 Cyl. 

C172-78^ Starter ;.:otor 

Amperage Draw Test 

CT72-735 Free Running Amperage 
Draw Test 

CT72-786 Starter Insulated Cir- 
cuit test 

CT72-787 Starter Ground Circuit 
Test 

Use battery- starter tester 
. (Sun Y-20) 



Use kxjbfcBZjc Bench Itemsi 
Starter Assemblies 
Armatures 



NOTE I Some of the application 
is interspersed throughout the 
the presentation. ' 



2. Reference Para C, Part 1 

Using required test equipment and 
en.sine trainers, student will 
perform a check of the vehicle 
starting system. This will be done 
under the rupervision of the in- 
,z true tor. . 

EVALUATION! 



1, 'Vhat is the purpose of the start- 
ing- motpr? 

2, The cranking motor must never be 
used for more than how many seconds 
at any time? 4 

3, What tests are performed on the arma- 
ture using the growler? 

k, V/hat is the main difference between 
the bendix and overrunning clutch 
type starter drives? 

5. The two windings of a solenoid are 
connected to operate in? 

6, Explain the purpose of the pull-in 
and hold-in windings in a solenoid? 

CONCLUSION 



60-2759 IHC 6 Cyl 

60- 2761 Gi:C 6 Cyl 

61- 28P0 Valiant 6 Cyl 

Hand Tools and Special Tools 
Battery-Starter Tester 

Use I T.O. 3306-3-4-1 

Commercial iviamuals 
Workbook 303 

Use mechanics common hand tools 



20 :.;in 



SU:.T.ARY AND REIvlOTIVATIC»J i 

1, Review the main points of today's lesson on the construction and 
operation of starting motors, starter drive units, solenoids and 
magnetic switches and tasting the electrical components. 

2, Remotivate the students about knowing how to service the cranking 
motor and the starting system. 



(6) 



ASSIGNMENT AND ^ CLOSURE r 



. "Stndstt Sl^udy Ouiai 1XB?*75I0- Jo J . Answer g g ^£Q^g ^ — - 
assignment and give the page and paragraph where the answer was 
found. Read Delco. booklet - Regulation and the charging cjrrcuit. 

2, Study methodsi Using SQ3R method study and answer questions at 
the end of the chapter, 

3. WRAr-UPi This concludes the subject, but the information learned 

, here will be applied as the student continues in the course. Review 
of this material" and information is recommended throughout the 
course. 



(7) 
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EOUtPMCNT LOCATCO 
IN LABOnATOIIV 



il. Trainer: 60-2710 

2. " . " 2759 

3. " " 2761 

4. Mechanic's Common 
Hand Tools 

5. Special Tools 

6. A&B Circuit Genera- 
tors (OVER) 



PKECLASS PREPAlVArtOH 



eouintCNT 
moM Supply 



None 



CLASSiriCO MATCItlAi. 



None 



OKA^MIC «)0S ANO 
UNCLASSiriEO MATCniAL 



1. 3ABR47330-SG-304 

2. 3ABR47330-U6-304 

3. TO: 33D6-3-4-1 

4. Film: TFI-5174B 

5. " " 5301 

6. Chart :CAFB74- 123 

7. " " " 124 

8. 122 



cRiTemoN OBJCCTivcs AMD tcachinc steps 



SIGNATUAI 


OATS 


SlONATUItC 


OATC 










1 








1 

1 









a. Without references, identify basic facts and terms related to the principles of 
operation, function and relationship of DC charging system components with 70X accuracy 

b. Supplied with bench items, tools, equipment, and TO, and using all safety precau- 
tions, check DC charging system components lAW TO. 



Teaching Steps are Listed in Part II. 



m 



I»T1 



,1-7 \ 



EQUIPMENT LOCATED - 
IN LABORATORY 

7. Regulator 

8. Volt- Amp Tester 

9. Tach-Owell Tester 
10. Armature Tester 
U\ Belt Tension Gauge 



GRAPHIC AIDS AND 
UNCLASSIFIED MAT . 

9. Chart: CAFB 68-80 

10. " " 68-81 

11. " "Oeico Reiny, 

Sec E 

12. " "Del CO Retny. 

Sec F 

13. Trans: CT 72-754 

thru 758 

14. Trans: CT 72-760 

thru 764 

15. Trans: CT 72-766 

thru 770 



0 Hrg 2^ Min 



1. 



Attention and Motivation i Ascertain that the students are both 
physically and mentally alert. Ask students how long* a battery would 
last if' it waa not for the vehicle's charging systera. Stress the 
importance of the charging system. Have the students relate some 
of their personal experiences they may have had on charging systems 
work. • 

Review I Give students the quiz on starting motors, grade and critique, 
, Collect the spritten homework a8i««ignments, grade and review. Also 
review the principles of electromagnetic induction as they apply to 
today's lesson, 

Overviewi Today we are going to discuss the operation of tiie 
generator and generator regulator^ the proper procedures for adjust^- 
ment, repair and/or replacement of components, and the use of tools 
and equipment and safety procedures to be used when working on the 
D.C. chargine Gystem. 



3QDY 



2 Hrs J^O r4in 



1. 



■SENTATIOMi • ; 

Reference Para a, part 1 * ^ 
Students will participate in a ChartTi 

discussion of the units cf the D.C. Use Section "E" of Delco Ren;y 
charging systen and the "A" and 
"3" circuit generators and r-e- 
;Tulators 



b 



Purpose of generator 

(1) To convert mechanical 
action into electrical 
energy 

(2) To recharge the battery 
auid to supply current to 
the automotive electrical 
systems 

How generator develops voltage 

(1) Closed conductor 
(armature) 

(2) :.:agnetic field 

(3) Relative motion 



CT72-75^ 

Generator Function 



Demonstrate using a magnetic 
field, closed conductor, and 
motion 



Electromagnetic Induction 



The simple generator 

(2) Charging or load circuit 

Construction of the O.C» 
generator 

(1) Armature 

(2) Commutator and brushes 

(a) Mechanical recti- 
fier 

(b) Changes A.C. to D.C. 

(3) Field windings and pole 
pieces 

(a) Produce magnetic 
field 

(b) Residual magnetism 



Have students disassemble bench 
item generators 

CT72-756 High Speed Generator 



Replace brushes when half worn 
away 



CT72-757 Air Cooling of Generators 

Summarize the construction of tli^ 
generator. Compare to the star^P 

ing motor 



(^) Iron frame housing 
Two brush generator (shunt type) 
(1) 



Use chalkboard 
"A" circsait (standard duty )CT72 -763 Generator Circuits 



(a) Snunted in the gen- 
erator 

(b) Grounded at the re- 
gulator (externally) 

(c) Most commonly used 
(2) "B" circuit (heavy duty) 

(a) Shunted in the re- 
gulator 



Ford uses "B" circuit 
CT72-763 Generator Circuit "B" 
Circuit 



(b) Grounded in the gen- Show film TF 1-517^3 
era tor (internally) 



(2) 



Reference Para A » Paurt 1 



Students will par ticipa te in a 
discussion on the D.C. charging ' 
systems (generator) 

a. 3asic electrical malfunctions 

(1) Shorts (increase current 
flow) 



Principles of operation of the 

rrari^iaia -pi «^ ,. 



b. 



(2) 
(3) 



Opens (no current flow) 

High resistance (decreased 
current flow) 



Unwanted grounds 
Testing generator components 

( 1) Amatvire 
(a) Opens 
(b> Shorts 

(c) Unwanted grounds 

(2) Field ooila 

(a) High resistance 

(b) Unwanted grounds 

(c) Open circuits 



Give students demons trativjn with 
use of gtowler (arniature tester) 
CT72-764 Tester Connections 
CT72-765 Tester Connections 



.CT72-755 Testing Generator 



Give students demonstration 
with use of battery and an 
ammeter 
CT72.76I 

Charging System Resistance Tests 



(d) Short circuits 

(field current draw) 

(3) Brushes and brush holders 

(a) All output passes 
through insulated brush 

(b) Replace when | worn 
away 



(^) 



(c) Opens and unwanted 
ground s 

Ti^otoring the generator 



Use test light 
Sunmarise bench testing 



(3) 
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Reference Para A, Part 1 

\ \ • r 

discussion on the purpose for 
ploariaing and testing generator o 

^'^^P"*.* CT72-770 Generator Polarity 

Tj*T t ^ CAUTION* Generator of the 

a. polarization of the Generator wrong polarity will bum cut- 
CD ••A'' circuit "^•^ P"^'*^* 

(a) Disconnect field CT72-768 Generator Polarity 
wire at regulator and 

connect to ground 

(b) Jumper wire troa A to . 
B terminal at regu- 

"^^^or CT72-769 Generator Polarity 

(2) "B- Circuit 

(a) Disconnect field wire-Done for testing purposes onlv 
at regulator and jump ^ 
to battery terminal 
of regulator . 

b. Testing generator output by- 
passing re'gulator 

(1) By-passing cutout relay 
("A" and "B" circuits) 

(a) Jumper wire between 
battery and armature 
terminals 

(b) Engine must be run- 
ning above idle 

(2) By-passing voltage and 
current regulators 

(a) "A" circuit 

1 Remove field wire 
at regulator and 

ground it 

(b) "B- circuit 

1 Jumper wire from 
armature to field 
terminal Sumnarize here 




Chart* I 



Pass around bench itam regulators 
to all students 



Refersncs Para A, Part 1 



discussion on how to locats and 
identify units of tht generator 
gegulator 

Purpose of generator re- 
gulator 

(1) Prevents excessive cur- 
rent and voltage 

(2) Protects the battery and 
accessories 

(3) Protects the generator 

b. Operating principles of the •*A'* 
and "B" circuit generator re- 

•gulator 

(1) Three circuits of generator CT72-758 Circuit Breaker 



(2) 



regulator 



Ac ti on 

CT72-760 Current Regulator Action 
CT72-766 Charging circuit with 
double constant voltage reg. 



(a) Charging 

(b) Field 

(c) Operating 
Cutout relay 



Show Charts cXfB 



(a) 



H 
ft 



m 

H 



n 
If 



(b) 



Full to close elec- 
tromagnetic switch 
which opens and closes 
the circuit between 
the battery and gen- 
erator thus preventing 
the battery from dis- 
charging through the 
generator 

Closed by generator If stuck closed battery will 
voltage discharge during low or stopped 

speeds 



(5) 



ERIC 



\ 

(c) .<^«n0d by r*v«r«« 



spring tension 

(3) Currtnt r«guXator Show Charts CAPS 

' . Current Regulator 

(a; A pull to open 

electromagnetic / 
switch which pro- 
tects the generator 
from excessive out- 
put 

(b) All generator output 
passes thruthe current 
regulator windings 

(^) Voltage regulator ^ CET.F vibrating type 50 to 200 

times per second 

# 

(a) A pull to open elec- 
tromagnetic switch 
which prevents over- 
charging of the bat- Sur.marize purpose and operation 
tery and protects the of the regulator 
accessories from high Show Chart CAPS 
voltage Voltage Regulator 

c. Limitation of vibrating points 

(1) Points will arc when epen- 

ing 

(2) Six volt system has 2-amp 
flow in the field circuit, 
twelve volt system has 1.5 
amp flow in field circuit 

(3) Regulator of wrong polarity 
will burn current and voltage 
regulator points 

Reference Para A, Part 1 

Students will participate in a Show film TF 1-53(75 

discussion of generator regula- r ■ . 

.tors Principles of Operation of the 

Generator Regulator 
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a« Visual inspactioh 



ERIC 



CD ?oint alignmtht and 
oxidation 

(2) Opens and grounded cir- 
cuits 

(3) Prayed or loose con- 
nections 

(4) Corrosion on terminals 

Slectrical adjustments of 
■regulators 



(1) 
(2) 



A-rPLICA7ICNi 



Done on vehicle 

To Inc^^e^e output, 
increase spring tensioni 
to decrease TBvjtput, de- 
crease spring tix^i on 

Final reading made^-^tih 
cover in place 




Use volte Amp tester (CB-12) 
CT72-767 Standard Regulator 



1. Reference Para 5, Fart 1 

Students will disassemble, in- 
spect, test, service and repair 
components of new or recondi- 
tioned bench items (generators 
and regulators) lAW work pro- 
cedures outlined in student 
workboolc 3ABR47330-30/^. Using 
common hand tools and necessary 
test equipment! this work will 
b« done under clof^e supervision 
of the instructor in the classroom. 
St\idents will gain a basic unsr- 
standing of these procedures, and 
complete projects in workbook, 

2, Reference Fara B, ?art 1 

Students will reassembie bench 
item generator under the super* 
liision of the ins tor » stress- 
ir\(C safety at all times*. The 
students will perform a generator 
motoring test. 



NOTE I Some of the application 

is interspersed throughout the 

presentation. 

Sngine Trainers 

60-2710 Pord 6 Cyl 

60-2759 IHC 6 Cyl 

60-2761 OmC 6 Cyl 
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EYALtJATlONi - 

..^ ■ ■ ■ . » 

' — : . _:l 



Is it A«e«88ary to j^^jf^pig^ gen- 
,erator? Xsk questions orally. 

How is an •*A** circuit generator 
polarized? 

3. How is the voltage and current 
regulators by-passed on and "A" 
and -B" circuit system? 

4. '^How is a "3" circuit generator 

polarized? 

5. When should generator brushes be 
replaced? 

6. What is used to clean a conunutator? 

7. Why do we motorize a generator? 

3. What is the pnrpose of the gen- 

WM era tor output test? " 

9. What teste are performed on the 
growler? 

10. v/hat operates the three units in 
the generator regulator? 

11. v/hat is the purpose of thei 

(1) Cutout relay? 

(2) Voltage regulator? 

(3) Current regulator? 

12. How do you change the output set- 
ting on the regulator? 

13. How is initial generator output 
started? 

li^, ;*hat\svth"e purpose of the D.C, 
charging system? 

. »' . . 

CONCLUSION 10 i\:in 

(8) * ' 
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SMi?-.ARY AiND RBTCariVATIONi 




S^iSlKn^f^^ V"^^^ purpose, conatruction and 

operation of the D.C, generator and the ganerator regulator. 

^' iH^^S^S students the importance of properly checking out 

failing' tfSHoT tSe jonsiqSences'for' 

ASSIGNi'ViEiNT AND CLOSURE i 

1. Read Student Study Guide 3ABRi^733(>-30^. Write out the answers to 
. the questions at the end of" the chapter and give the oa^^d 
DllcSt^Sn/*'*^' ^"""^ Selco'sooklft UUed . 

end'^or't^f ^fipt^?!'^^ '^^^'^^ ^^^^y — - <l-e3tions at the 

morninl!"'®'^ ^ ^^^^^ ^'^ ^^^^^^^S system tomorrow 

^' * This concludes the subject, but inforrration learned here 

Will oe applied as the student continues in the course. Review of 
t:nis ftaterial an(^ information is recommended throughout the bourse. 
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PRECUASS PREPARATION 



1 EQUIPMENT LOCATED 
IN LAttORATORV 


EQuiPMe.MT 

FHOM Supply 


CLASSiriE3 MATEfttAL 


GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 


j 1. Trainer: 60-2759 

2. " 61-2800 

3. Diode Tester 

4. Mechanic's Coirmon 
Hand Tools 

5. Special Tools 
1 6. Regulator 

1 7. Alternators (OVER) 


None 


None 


1. 3ABR47330-SG-305 

2. 3ABR47330-WB-305 

3. 3ABR47330-WB-305A 
Chart: Delco-Remy, 

Sec K 

5. Chart: Delco-Remy, 
Sec M 

5. CO 73-153 (over; 



CRITERION OBJECTIVES AND TEACHING -TEPS 



a. Without references, identify basic facts and terms related to the principles of 
operation, function and relationship of AC charging systems components with 7055 
accuracy^ 

b. Supplied with bench items, tools, equipment, and workbook, and practicing all 
safety precautions, repair or service AC charging system components lAW workbook. 

c. Provided with engine trainer, topis, equipment, and workbook, and practicing 
personnel and equlpnent shop safety, use visual, operational means, and test equip- 
ment to check X and AC charging systems lAU workbook. 



Teaching Steps are Listed in Part II. 
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EQUIPMENT LOCATED 
IN LABORATORY 

8. Tach-Owell Tester 

9. Volt-Amp Tester 

10. Belt Tension Gauges 



GRAPHIC AIDS AND 
UNCLASSIFIED MAT . 

7. Convnerclal Slldl^ 



.ERIC 



A. 



2. 



3. 



' Hra gg kin 



Attention and Motivationi Ascertain that the students are 
physically and mentally alert. Ask them if they have any experiences 
working on A.C. charging systems. Motivate them -towards success- 
ful accomplishment of objectives by appealing to their need to 
know the diagnosing, testing, and repairing of A.C. charging 
circuits. 

Review I Give a daily quiz on D.C. charging systens, grad and 
critique. Also review fundamentals of electricity. Impress upon 
the students the need to have an under s'tanding of the fundamentals 
of electricity to understand alternators. 

Overview I Give the students an overview of what will be covered, 
how it will be covered and what the student will be expected to 
learn about the construction, operation and testing of alternators 
and rectifiers. 



BODY 



12 Hrs ^ :..in 



FRESENTATICrii 

1, , Reference ?ara 



Part 1 



Participate in a discussion per- 
taining to alternators and recti- 
fiers ar.d will use applicable Air 
Force publications to locate de- 
sired information, Fosseses and 
understands the basic principles 
a-nd procedures related to^ nom- 
enclature, lacts, inspection, 
testing and repairing A.C. charg- 
ing system units 

a. Output comparison (D.C, and 
A.C. generators) 

(1) Alternators produce 
sufficient current to 
carry normal load de- 
mands at idle speed 

(2) D.C. generator must 
reach cut-in speed be- 
fore providing curr^ent 
to the load 

(3) standard production al- 
ternator is designed to 
replace the standard pro- 
duction generator 



Charts 



Use Section i "K" _Delco 
Rep.y 

NOTE I Sor-.e of. the application 

interspersed throughout the 
presentation 



Advantage 



Alternator charging system 

a 

ilX ^toa Twin jm t^ - - 



Alternator Ghairging Systeij 



(a) Alternator 

(b) Rectifier (diodes) 

(c) Regulator (voltage) 
Alternator main components 

(1) Two end frames 

(a) Die cast aluminum 

(b) Air vents 

(c) Bolted together with 
stator ('sandwiched" 
between them 

(2) Stator assembly 

(a) Stationary conductor 

(b) Laminated steel frame 
to reduce eddy cur- 
rents 

(c) Three phase winding 
wound into slots 

(d^ "Wye" connection 

(all .three conductors 
joined at one end) 

(e) Manner in which" the 
sta\or is wound and 
connected provides 
a self- limiting con- 
trol of current 

1 "Inductive re- 
actance" 

2 Limits maximum cur- 
rent output 



students 
Bench Items 



03 



se xir enow 



Alternators and regulators 



Disassemble alternator wid 
ypoint out each component 

Bench Item 
Alternator 



Eddy currents produce heat 



The overlapping of the stator 
windings eliminates the need 
for a current regulator 




(2) 



(a) Rotating magnetic 
field ^ 

1 Induces alter- 
nating current 
into the stator 
windings 

2 Externally e«- 
~ cited by the 

vehicle's battery 

2 Strength of the finergized when ignition switch 
magnetic field de- is turned on 
pends on -amount of 
current flow 
■■ through the field 
coil 

(b) Pole pieces 

1 lio residual mag- 
~ netisir. 

2 One pole is always 
north and the other 

is always south > * 

(c) Snds of field coils 
are connected to slip 
ring's 

(d) Brushes ride op. slip Provide connection between rotor 
rings and battery - Show bench item 

for comparison 

(e) Field colli,, pole 

pieces and slip rings - ' * ^ 

are all pressed on 

shaft 

(f) Pans provide for Summarize here 
fooling 

Factors affecting alternator 'Same as a D.C, generator 
output 



(3) 



*/ 

/ 



.1... 



(1)' Speed of rotation of the rotor 



Itiffi^r" ^ xron^ tfi the 
Stat or 




gth of the magnetic 



(3) 



Rectificayion (internal or 
external' 



(1) 
(2) 



Changes A,C. To D.O. 

Accomplished through the 
use of diodes 

(a) A diode is a one- 
way check valve for 
the flow of electri- 
city 

(b) Takes place of cut* 
Kjnc± out relay 



The recti fixation circuit 

(1) Diodes are connected be- 
tween the stator windings 
and the battery 

(2) Three diodes are pressed- 
- into the heat sink (in- 
sulated) 

(3) Three diodes are pressed 
into the end frame (ground- 
ed) 

(^) Internal rectification 

(5) Pull wave rectification 
through the use of diodes 
one + and one - for each 
stator winding 



;y will 



Reversed battery po 
produce I 

(1) Direct short through 
diodes 

(2) VmXXX Burned out diodes 



In a D,C. generator A.C. was 
converted to D.C. through 
the brushes and commutator 

Demonstrate the workin^ffects 
of a diode. 



Chanute Chart - Rectifiers 



Demonstrate methods of checking 
' diodes 



Use diode tester 




Emphasise importance of correct 
battery polarity 



(^) 




'h« EttmatB ot an op«n di^« 



D«i&oii8trat« UM of diad« 



(1) No current flow 

(2) Loss of current con- 
trol at high rotor speeds 

(3) Slightly less than nor- 
mal output at low speed 

1. Effects of a shorted diode • 



' ^ N 



Current flows both ways 
through a shorted diode 



(2) Approximately 50% loss of 
output 

j. Diodes prevent reverse current 
flow from the battery 



■No need for a cut-out relay 



(1) Alternator battery wire is 
connected directly to the. 
cattery 

(a) Alv/ays impressed with 
battery voltage ^ 

(2) Diodes prevent battery from 
discharging back through the 

. alternator ^ 

Summarize here 



APPLICATION! 



1, Reference Para b, Part 1 

Using common hand tools, special 
alternator tools and diode test- 
er, disassemble the- alternator, 
make visual inspection, identify 
components, trace alternator in- 
ternal circuits,' test ^diodes for 
ipens and shorts, check st^tor 
windings for opens and mix 
grounds apd reassemble -the al- 
ternator # Perform all tasks with 
some guidance from instructor 



Use W3-305 

NOTEi Some of the application 
is interspersed throughout the 
presentation 

Bench Items i A.C. regulators 
and alternators 
Diode tester 
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mainly on complicated a taps 
of the oparatlon* 



END OF DAY SUT^MARY 

SIMMARY 

1. Suininariee tha main points of 1. Restate objectives of the- 
today's lesson on the construe- lesson (covered in this day), 
tion, operation, and testing of 

alternators and rectifiers 
(diodes). 

2. Rsmotivate* the students on the ^ 2. Emphasize the area of major 
importance of knowing how the 

alternator operates, so that they 
can properly chefck out the A.C. 
chaTging system. 

3. Use the following oral questions Use oral questions to deter- 
to determine areas to be re- mine areas to be re taught, 
taught, 

a. '/fh3it is the primary advantage Ask questions orally, 
of the alternator over the D.C. 

generator? 

b. v/haT: ate some of the other 
advantages? 

c. V/hat is the primary purpose of 
the diodes? 

d. How does the alternator provide 
control for maximum current 
output? 

e. Why is a cutout relay not re- 
quired on an alternator? 

f. Why doesn't the rotor assembly 
have residual magnetism? 

g. What would happen if a battery 
was installed with reversed pol- 
arity in an A.C. system? 

h. At low speeds? 

i. Why doe's an open diode cause 
loss of current control at high 
alternator speed? 

(6) 



1. Identify study materials. 



2.^ Give reasons for student to 
study assignment. 



3. Mention method of study. 



the student continues in the course. 
Review of this study guide and 
information is recorr.nier.ded through- 
out the course, 

INTRODUCTION TO NSW DAY'S WORK 

1. X^SaUX Gain students' attention *y asking them why it is necessary 
to hav9 voltage in^ the A.C. charging system, .'otivate them toward 
successful accomplishment of today's objectivss by appealing 

to the need to know diagnosing^ testing, repairing, and isolating 
A.C. charging system" and circuits malfunctions. 

2. Collect written homework assignment, grade and review. Review the 
operating principles of the A.C. charging system and have the stu- 
dents discuss alternator controlling factors as learned in yester- 
day's lesson, 

3. Give an overview on the sequence of what will he covered in today's 
lesson on the voltage regulator, diagnosing charging circuit mal- 
functions, and testing the charging circuit. 

BODY 

PRESENTATrCN i 

1. Reference Fara C, Part 1 

Participate in a discussion 
pertaining to the alternator 

regulator, the effects of Bench I terns i 

" ■ (7) 



" affttCt ititdtYlatbr outputs 
ASSICmiSNT 

1. Read Student Stu^y Guide 
3ABRi^7330-305, Answer the 
questions at the end of the 
chapter and xim give the page 
and paragraph where the answer 
was found, 

2. Prepare for a daily quiz upon 
completion of tomorrow's lesson 
on the A.C. charging system, 

3. WRAP-UP I This concludes the 
subject but the information 
learned here will be applied as 



J . 
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batttry CEMF in relation to 
alfrnato^r^y^lta^ and uaa of 
tist #qiilpi!iiint ideatft^^^^ a^ 
isolate A.C* charging system 
malfunctions. Students will 
possess an understanding of 
basic principles and procedures 
relate^^ to nomenclature, facts, 
inspection, testing and repair- 
ing A.C. charging system units to 
manufacturere *s specifications. 

a, Voltags regulator 

( 1 ) Linii ts maxin-iurn 
voltage output from the 
alternator 

(2) Accomplished by con- 
trolling current flow to 
the field coil 



A.C. regulators 



V 



C. 



Have regulator available to 
show students 
''Bench I terns i 
Regulators 



Controls strength of magnetic 
field 



(3) Hegijlator i.^ connected in 
series with the battary and 
!field coil 

Field circuit (field current flow) 

(1) Battery. 

(2) Ammeter 

(3) Ignition switch 
{h) .Regulator 

(5) Field terminal of alternator 

(6) Field coil 

(7) Ground back to battery 
Regulator construction and cir- 



cuits 

(1) Ignition terminal 

(2) Upper contacts 

(3) Lower contacts 



^ Pass out Bench Itemsi 
A.C. Regulators 
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(5) Voltage coil 

(6) Resistors #1, 2 and 3 

(7) Field tertnlnal 

(8) Fuse v/ires 

Field current flew through 
upper contacts 

( 1) Maximun field current 
flow 

(2) Heavy load, low speed 

(a) Low resistance in the 
circuit 

Field current flow vibrating 
off upper contacts 

( 1) Increase in resis.tance in 
the chargin.3 circuit 

(2) Li.-niting fisli current 
flow to the field coil 

(a) Field current flow is 
through resistors 1 
and 2 when moveable 
contact is not touch- 
ing upper or lower 
contact point 

Float position 

(1) Alternator speed, load 
d demands and battery 
demands are equal 

(a) Field current flow 
is through resistors 
1 and 2 

Lower contacts 

(1) Low load demands, high 
alternator speed 
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Position of Tjovable contact 
depends upon load demands 



h. 



(a) Field current flow Is 
thr^ME^ r#«i«tws 1 

- m a ^M^^^^^ - 

contact to ground 

Field c\OTent flow vibrating 
off lower contact 

(1) Controlling maximtjm alter- 
nator output voltage 

(a) Field current flow 
is through resistors 
1 and 2 to field coil 

and through lower / 
contact to ground 

Summarize here 

Diagnosing A.C. charging circuit Use Volt-Amp tester, also 
malfunctions belt tension gauge 

(1) Alternator output test Engine Trainer 61-2800 

Valiant 6 cyl. engine 

(a) DeterTuine alternator 
current output at .,a 
specified RPM 

(2) Insulated circuit resistance 
test 

(a) Treasure xaiztags 

voltage drop In insult- 
ed side of charging cir- 
cuit 

(3) Ground circuit resistance test 

(a) Measure voltage drop in 
ground side of charging 
circuit 

(^) Field circuit resistance test 

(a) Measure voltage drop in 
the field circuit 

(5) Voltage regulator test 

(a) Determine voltage re-» 
gulator setting 

• (10) 





( 6) Volfg» . regulator xlju gt mwt a 
(a) Spring tension 

APPLICATION I 

!• Reference Para C, Part 1 

Using coiimon hand tools, special 
alternator tools, publications, 
volts-amp tester, tach-dwell tester, 
engine trainer 61-2 600 to test, " 
Isolate and adjust A.C. charging, 
system mali'unctions. Perform all 
tasks with some guidance and super- 
vision mainly on the complicated 
steps of the operation. Also 
use belt tension gauge. All the 
above will be accomplished to man- 
ufacturer's specifications. 



To increase setting, in- 
crease spring tension 



W3-305A 

NOTEi Additional application 
of the D.C* .charging system 
will be used during the 
application of the A.C. 
charging system, using con- 
current training concepts. 
Use engine tr*ier 61-2800 
Valiant engines. 
ALSO I Some of the applica- 
tion of the A.C, charging 
system is interspersed 
throughout the presentation. 
Cor.pare Valiant trainer 61- 
2300 with IHC trainer 60- 
2759. 

Show use of belt. tension • 
gauge 



EVALUATICT^ i 



1. Explain field current flew start- 
ing at the battery. 

2. What is the purpose of the re- 
gulator? 



Ask questions orally. 



3. V/hat causes the regulator moveable 
contact to pull from the upper to 
the lower contact? 



4, The voltage coil of the regulator 
is connected to the upper contact 
"fuse wire. What type of circuit 
would this be? 

What adjustment would be made if 
the voltage regulator test on the 
upper contacts was below manufacturer's 
specifications? 
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specifications what could be 
some of the oauses? 

7. Alternator output is at its ma:d- 
mum when the movable contact is in 
what position? 




3, What would be the results if there 

was excessive resistance in the . 

\^ insulated circuit? 

9. Vmy is it necessary to control 

voltage output while making the " 
alternator output test? 

10. When making the voltage regulator t^st, 
what must be taken into consideration 
in conjunction with the operating, voltage? 

CONCLUSION 1^ Min 

3u:':.:ARy and hsmotivaticni 

1. Summarize all the main points of today's lesson en the A.C. vcltagei 
xs regulator and A.C. charging system diagnosis and testing, 

2, Remotivate the students on knowing the proper procedures to 

follow when checking out the A.C, charging system not only for good* 
pperation of the system bnt also to prevent damage to the diodes 
or regulator. 

ASSIGNMENT AND CLOSURE i 

1. Today is measurement; Rjview Student Study Guide, workbooks' 
•and class notes. Be sure to use a #1 or #2 lead pencil for the 

test, 

2. - WRA.P-UPI This concludes the subject but the information learned 

here will be applied as the student continues in the course. Re- 
view of this Study Guide and information is recommended through- 
out the course. 



..if . 
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ELECTRICAt TERMINOLOGY, DEFINITION AND PURPOSE 
OF aECTRZCAL COMPONENTS 



yoii Witt ^ " 

may not be faailiar. The following peges consist of elcccrical 
teme end their deflnitloiie. The definitions of these terms 

should aid you in under standing the subject being taught. 

There are also tenw and their definitions listed in the 

appropriate portion of the student study guide. 

The definitions may differ somewhat from others which you 

have encountered. They are not intended to be all Inclusive but 

have the purpose of serving as reminders so the student can 

quickly refresh his memory on electrical terms. 

Electrical Terminology 

Ammeter - An instrument used for the measurement of the rate of flow 
of electricity. 

Anq>ere - A unit of measurement of flow of electrical current. 

Arc - The travel of electricity through air between two electrodes 
which produces a flash. . 

Armature - The movable part of the electromagnetic device. 

Battery - A unit (usually composed of lead plates and sulphuric acid 
and water electrolyte) which stores electrical energy In a 
chemical form. 

Capacity or Capacitance - The property of a system of conductors and 
dielectrics which permits storage of electrical charges. 

Coll - A circular arranger'^nt of electrical 'conductors so that many 
conductors are placed side by side, to obtain the resultant 
effect of their combined magnetic fields. 

Commutator - That portion of an armature, consisting of a series of 
copper segments which come in contact with the brushes. 

Condenser An accisnulator of electrical energy. 

Conductor - A contijiuous path along which electricity can flow. 

Core - A metallic portion of a coil around -which the conductors are 
wound . 

Current - The quantity of flow of electricity. 
Cycle - A complete act of recurrent values. 
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Dl«l«ccrle * An; InsulaClnt Mdlum which lnt«rv«Mt b<ttw*«n two 

ccmductors to prftvtnt th« flow of ounmt from ona conductor 
to another. Usually air, rubber, ttica, glast* fiber or wood. 

ISS^ttoiis - tfei ' po tl «w end 0j|i;t^ivi t^ix«^id ^©tn ti of tisctrtcl ty , 
from which th* electricity must travel through air or other 
substaaces. 

EMF (Elactromotlve Force) - That forca or praaaitfa which causes 
current movemant in an electrical circuit. 

Farad - When a change o£ one volt per second across a condenser 
produces a current of one ampere , the condenser is said to 
have a capacitance of one **farad'\ 

Field or Magnetic Field - That space which is affected by magnetic 
lines of force. 

Frequency « The number of cycles completed In one second. 

Generator * An electromagnetic device used to convert mechanical 
energy into electrical energy. 

Ground or Grounded Circuit - A condition where the electrical circuit 
is connected or contacted with intentionally or unintentionally 
to the unit frame or framework. 

Hydrometer - An instrument used for the measurement of the specific 
gravity of a liquid. 

Induction or Inductance - That force which produces voltage when a 
conduccor is passed through a magnetic field. 

Magnet - That part which is known to possess magnetism. 

Magnetism * That property possessed by certain substances (especially 
iron and steel) by virtue of which they can exert forces of 
attraction or repulsion, according to fixed laws. (It Is the 
connecting link between electrical energy and mechanical energy) . 

Microfarad Since the term farad is too large for any practical uset 
the term microfarad (one-millionth of a farad) is used. 

Mutual Inductance - That property which causes an induced voltage to be 
set up in a second circuit » as the result of the change of current 
in the first circuit. (Example: secondary winding in an ignition 
coll or transformer «) 

Ohm - A unit of measurement of resistance. 

Ohmmeter * An Instrument to maasure resistance. 

Ohm^s Law - A law of electricity regarding the relationship between 

voltage t current and resistance. It takes a pressure of one volt 
to force one ampere of current through one £hm of resistance. 
Formula: Volts « amperes X ohms (£ • I X R). 
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Figure 1. Automotive Eleatrioal System. 
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Optn Circuit - Any brsak or lack of' eoaC«et la an el«ctrlc«l circuit » 
•lth*r lnt«itloB«l or ualnttntlooal. 




P4r«lXdl Circuit - A circuit of ftrlng two or mora paths for cw|rant 
flow . 

Permanent Magnet - A part which retains the magnetic forces, eWn 
though the force which produced the magnetism is disconti^ed. 

Resistance - That property of an electrical circuit which tends 
to prevent or reduce the flow of current. 

Short Circuit - Generally an tinlntentlonal contact, between two! 

conductors, caused by faulty Insulation or lack of Insulation. 
This condition allows the current to bypass its normal circuit. 

Starting Motor - An electromagnetic device, which call convert: 
electrical energy Into mechanical energy used for cranking 
the engine. 

Volt - A unit of measurement of electrical pressure. 

Voltage - That property of an electrical circuit causing current to 
f low . 

Voltmeter * An Instrument used to measure electrical pressure. 

Watt - A unit of measurement of electrical power. 

1 watt - 1 volt X 1 ampere. 1 kilowatt - 1,000 watts. 
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FUNtJArttN I'AtS W BArriRIES, 
AND BASIC ELECTRICAL CIRCUITS 

OBJECTIVES 

Aftar compleclng this study gulds your classroom Instruction 
you will understand the basic principles of electricity and the 
construction, operation and servicing o£ automotive storage 
batteries » and be able to correctly construct the different 
types of electrical circuits and measure their voltage, amperage 
and resistance. 

INTRODUCTION 

Due to the amount of raaterial to be covered In this lesson, 
this study guide will be separated Into two sections. Section I 
will have the principles of electricity and magnetism, circuits, 
and the care and use of DC meters. Section II will cover the 
operation, construction and servicing of automotive storage 
batteries. 

INFORMATION 

Section 1. PRINCIPLES OF ELECTRICITY 

A good automotive electrician must thoroughly understand 
the fundamentals of electricity. Because the electrician is 
working with something he cannot always see, he must have a 
goof' mental picture of the actions of electricity. With t.iis 
knowledge, and a .little common sense, the electrician will 
have no trouble understanding any electrical equipment when 
he finds it in the field. Figure 1 shows the complete automotive 
-electrical system which, the electrician must understand. 

Man has kno'*n the practical use of elactrlcity for over 
one hundred years. Rules about it have been learned during 
this time. However, no one knows Just exactly what electricity 
is. Scientists have developed many theories about electricity. 
A theory is a statement which cannct be completely proved as 
true. These theorl-?s, however, explain better than anything 
else the behavior of electric current. 

Electricity consists of the movement of electrons In a 
conductor. In order to understand what an electron Is and 
how It behaves, let's look briefly at the composition of matter. 

Composition of Matter 

Matter Is anything vhtch has weight and occupies space . 
Therefore, matter Is literally everything In the universe. 
Matter may be In the form of a solid, a liquid or a gas. Ice, 
water end steam are examples of matter In all three forms. 

J'l 
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Figure 2. Solar Syetm, 
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ELEMESTS, AU aatttr it cospoMd of btilldlng blocks cAlltd 
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element a m hydrogen and oxygen. When these two elements 

are chemically combined, the result is water. 

ATOMS. The smallest particle into which an element can 
be divided is the atom. An atom is so small that it cannot 
be seen even with the most powerful of microscopes. An atom 
; is constructed much like our solar system, figure 2, in which 
the sun is the center or core and the planets revolve in orbits 
about the sun. In the atom, the center or core is composed 
of particles called protons, and the "planets" which revolve 
around the core are called electrons. An atom may also contain . 
another particle called a neutron. If neutrons are present in 
the atom, they will be located in the core of the atom with the 
protons. To help us better understand the relationship between 
atoms and electricity, let's look at two different atoms — 
a hydrogen atom and a copper atom. 

Th& Hydrogen Atom, a hydrogen atom Is the simplest of 
all atoms known. It consists of one proton which has a small 
positive charge of electricity, and one electron which has 
a small charge of negative electricity. The electron moves ' 
in its orbit around the proton, figure 3. Negative and-posiclve 
electrical charges, attract each other. This attraction, however. 
Is opposed by the tendency of the electron to fly away from the 
proton, a tendency resulting from its movement in a circular 
path around the proton. This is the same balancing force vou 
get when a ball is attached to a rubber band and swung In a 
circle. As you swing the ball, the rubber band stretches because 
of the tendency of the ball to fly away from your hand. But 
the rubber band (the attractive force) keeps the ball moving 
in a circle around your hand. 

The Copper Atom, A copper atom, figure 4, la much like 
the hydrogen atom except that it has 29 protons In its core. 
To keep the atom In electrical balance, an electron is added 
for each additional proton in the core. Note that these 29 
electrons are in four separate orbits. The first orbit- has 
two electrons, the next larger orbit has eight, the third eighteen, 
and the outer orbit only one. This outer electron is not very 
closely tied to the atom. A copper atom can lose this outer 
electron rather easily if a force is applied to it. 

Theory of Electricity . 

It is not uncommon for some atoms to lose electrons when 
a disturlng force is applied, with some disturbing force, o 
there is a drift of electrons from one atom to another. When 
one atom loses an electron, it will pull another eUctron from 
a sc(ond atom in-order to. keep in balance.* This second atom 
will give up its electron to the first atom, and at the same 
time collect an electiron from a third atom, figure 5. This drift 
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figMTtf 5. -Eltotran Movmmit Through 
A Conduotcv* 

of •Uctroni from atom to atom !• r«£«rr«d to as "a flow of 
current.'"' The ability of atoma to do this Is tha theory of electric 
power. This continuous flow of electrons in an electrical 
circuit Ls called dynamic electricity, and leads us to this 
general deflhition: "Electricity .la the flow of electrons from 
atom to atom in a conductor." 

• 

Current Flow 

The flow of electrons through a conductor Is called current, 
and is measured In amperes. When relatively few electrons 
flow in an electric circuit, the amperage or amperes ot, current 
is low. When many electrons flow, the amperage is high. The 
electric current is one ampere when 6.28 billion, billion electrons 
pass a certain point in a conductor in one second. Thus, current 
IS the rate of electron flow and is measured in amperes or 
electrons per second. 

FRANKLIiijrmOR'/ OF CUHBEIIT FLOW, There are two means 
of describing current flow. The Franklin pr Conventional Theory 
arbitrarily chose the direction of current flow to be from 
the positive terminal of a voltage source, through the external 
circuit, and then back to the negative terminal. This is the 
theory of current flow which we will use through this course, 
that current flow is from positive -to negative. 

ELECTRON THEORY OF CURRENT FLOW. The discovery of the 
electron in 1897 led to the electron theory of current flow, 
which is from the negative terminal, through the external circuit, 
and then back to the positive terminal — just the opposite 
of the Franklin Theory'. 

WHAT IS DIRECT CURBENTI Direct currant (DC) is electricity 
flowing one way continuously. Electricity used in the automobile 
for accessories and the ignition system is direct current. 

AUD ALTERNATING CUBRENT? Alternating current, or AC for 
short. Is current which reverses its direction of travel constantly. 
You've hear^ of 60-cycle alternating house current before. 
This is current which reverses its direction of travel 60 times 
per second. 

Yo] tage 

As said earlier, in order for electrons to flow from atom 
to atom.' there must.be some disturbing force applied to them. 



This ditturblag fere* which puthtt •Uecroat along a conductor 
is callftd ftlActronotlva f ore*, or veltag«, Voltaga Is alactrlcal 

AUB^ JMAMsa JoK <larff<^ **^^ «* i*a aa iir a aip haIcma 
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Two aourcas of voltagt in an automobila ara tha battary (a 
chamical aeurca) and tha ganaracor (a aachanlcal tourca). 

Resistanct ^ 



Raalatanca Is tha opposition to currant flow. Raslstanca 
can take many different forma or shapes end can be either wanted 
or unwanted. The unit of paasuraaent for reaistance is tha 
ohm. An ohm is defined aa th* reaistance that will allow one 
ampere to flow when there is one volt of pressure. This is 
an expression of Ohm's Law which will be discussed In a later 
topic. The symbol for an ohm is the Greek letter omega* and 
it looks like this: n 



VOLTAGE DROP. Resistance uses up voltage in a circuit. 



All voltaga must be used up. This is called voltage drop. 
Voltage drop in a circuit, when current la flowing. Is always 
equal to the potential of the source. For example, a circuit 
is using a 12-volt battery as a source of voltage. There should 
be a 12-volt drop after passing through a light bulb.. If the 
voltage drop Is only 10-volts, the bulb will not burn as bright 
as it should. 



Note; This law Is very Important for all mechanics to 
understand. 
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Figure 6^ ResiatcffiaQ Affected by 
Length of Vir^^ 
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Figure 7, Reeietmoe Affeoted by 
dimeter of Wire. 
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FACTORS OF l^XSTAUCE, Th«re art aany factors vrhlch will 
datarnlna how «££«ctlv« raalatanca will b« in a circuit. Tha 
najor factors are the length, dlaaatajr and tha taoparatura of 
tha conductor or wire. If the length of the wire Is doubled, 
the resistance between the wire enda is also doubled, figure 6. 
In other worda, the longer the wire, the greater the resistance. 
If the diameter of the wire Is doubled* the resistance for 
-any given wire length will be cut In half, or, the bigger the 
wire In diameter, the less the resistance, figure 7. The other 
important factor affecting resistance of a wire Is temperature. 
As the temperature Increases, reslscance Increases, figure 8, 
The effects of temperature are very Important in the design of 
electrical equipment. Excessive resistance from temperature 
Increases can be very harmful to the performance of the equipment. 

Conductors and Insulators 

In order to put electricity to use as desired, some means 
must be provided for conveying electricity to its designated 
place without it taking a shortcut. This is accomplished by 
using conductors and insulators. 

A CONDUCTOR GETS CURRENT THERE, Conductors are used as a 
means of conveying the electric current from one point to another. 
A good conductor is a material which offers very little resistance 
to current flow. Most metals are good conductors^ and the more 
commonly used. In order of conductivity, are sliver, copper and 

. aluminum. Copper is the most commonly used conductor in automotive 
electrical circuits. It Is used in the form of different alaes 
of wire. The size, or diameter, of a wire is called Its gage. 
Also, since current oust always return to Its source. In automotive 
•laetrlelty one sld« of the circttit la grounded. This aaaas 
that the body or frame of the vehicle la used to conduct the 
current In place of the wire. This ellolnatea half of the electrical 

. wiring. Therefore, there la less of a chance for aomethlng 
to go wrong. 



INSULATORS RESIST THE FLOW OF CURRENT, Wherees a. conductor 
offers v«ry, little resistance to current flow, an Insulator Is 
' my material . that realsts the flow of current. Examplea of good 
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insulators sre ales, nibbcr, b«k«Iit«, fibsti porcslsin, insuXatlag 



to Its source by the shortest distance availsble. Therefore, 
in an electric circuit, it la very important that the conductor 
be covered with some type of insulation so that the current^* 
muse go CO its soutce by following the path desired of it and 
not have any appreciable amount of electrical loss. 

Characteristics of Electricity 



Electricity is not visible. It can and does make itself 
known by one or more of the following effects' however . 

EZECTRICTT'I PIxODUCES HEAT. When flowing through material 
of high resistance, current flow can produce heat. Many people 
today now heat their homes with electricity. 

ELECTRICITY PROVIDES LIGHT. Current flow may also produce 
light when it flows through a material of high resistance. The 
electrical light bulb is a good example of this and the above 
also. 

ELECTRICITY CAN SHOCK.'. Electric current flowing through 
a person's body produces this physical effect. To great of 
a shock rnay kill a person. On the other hand, shock has been 
used successfully by the mediCai profession for the treatment 
cf heart patients, and certain other ailraents. 

Note: Don't be afraid of electricity for fear of shock. 
3ut treat it with respect. Generally its only the careless 
person that gees shocked. 

ELECTRICITY PRODUCES A mCNETIC FIELD. Curr^t flowing through 
a conductor produces a magnetic field. Current flowing through 
a wire wound around an iron bar causes the bar to lbecome> magnetized, 
creating a North and South pole. The effects and importance of 
magnetism will be studied in later paragraphs. 

OHM'S LAW Am ELECTRICAL CIRCUITS 



The flow of current through an electrical circuit conforms 
to a very definite rule known as Ohm*s l.aw. Ohm*s Law expresses 
the relationship between current, voltage and resistancs. Ohm's 
Law is one of ths few rules which you n^st understand. In order 
to gain a working tcnowlsdgs of hov slsccrle currsnt will flow 
through ths various bxanchM of an slsctrlcsl circuit, studying 
and solving problsns using 'Ohm's tasr mi1.11 halp* How«v«r, before 
studying Oha*8 Law, it should ba explained what a circuit Is. 
In previous paragraphs, the word "circuit" has been used. So 
definition of this tarv has b«an glvari ao far* 

Electrical Circuits 



As said bafore, the electrons in order to flow oust have 
a path or circuit to move in. A circuit is a closed pat'i for 



diA flow of «l«et7icUy. Tho stcrtlttg poliit it ^ «»ttreo of 




whoro voltAt« bofAn. Auconotiv* oloctricol elreulca oay bo 
clMOod «• soriosr pAtollol, or aorlea-parallel. 




Figure 9. Series CiTouit* 






Figure 10, Vaopattat Ciradt, 
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A SEHIBS CITiPJIT HAS OnU dNE PATB, A MrUs circuit- 1« 
a circuit chAt hM only on* pmth in t^ich currant can flov, 
1ft %aftrt» « firtmif ^^a^ i» 



all. If any device Is turnad off, than, tha circuit- i» opanad 
and no currant flowa at all. 

A PARALLEL CIRCVXT *BAS TtlO OR MORE PATHS, A parallel circuit 
is two or mora paths for currant to flow. In a paraJLlal circuit, 
figure 10, the various devices are connected by parallel wires. 
The current devices, pa»t of it flowing into one device, part 
into another ; The samft voltage is applied to each device, and 
each can he turned on or off independently of the- others. 




♦ 

Figure 11, Series •'Parallel 
Circuit, 

AIW A SERIES -PARALL'£L CIRCUIT? Most automotive electrical circuits 
are of this type. A series-parallel circuit, figure 11, is. 
a combination of a series circuit and a parallel circuit. Current 
will flow through one or mora electrical devicea in series and 
then divide itaalf » part of it flowing into one davlca and part 
into another. If any of tha device is series, marked with aa 
arrow Iq f Igtlra 11, are turned off or fall to operate, the circuit 
is opanad and none of the other devices wlj.i operate either, 

Otim's law ' 



The above information gives us more of an idea, what an electric 
circuit is and should aid in the understanding of the rule known aa 



oo« oha of rttlataaca." It may also. b« ttacad In tyniiplrt, 
E ■ I X R, wfeara: . * 

B • prMSiira or voltage. 

I • iatanaity or current. 

R • realatance or ohas. — 

THE RULES OF OHM'S, LAV, Ohtt's Law can be expreaeed in three 
different ways, and can be applied td the entire circuit or to 
any part of a circuit. lAt us remember these three simple rules 
which follow. 

1. When voltage and amperage are known: volts amperage ■ 
^ tesiatance (R " E i R). 

r 2. When voltage and resistance are known: volts * resistance « 
amperage (I - E ♦ R). ' 

3. When resistance and amperage ai^'^'^fehdwnl resistance X amperage 
- voltage (E - I X R) . 

An easy way to remember,, these rules is to refer to the drawing 
in figure 12. By using the drawing, the formula for finding 
the unknown will be given by simply covering the unknown md doing 
the simple mathematical problem left showing. 



(VOLTS) 




Hgut0 12. Fdi^la for Finding thB 
IMhwm Vatim Vhm Yatttea 

Ajpi KnoiOfU Qj 
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Tigure 13. Siriple Series Circuit 
for Using Ohn^s Law^ 

APPLICATION] OP OHM 'S LAW. Let us work a staple problem 
to show how the above rules can be applied* A simple setles 
circuity figure 13 » may consist of a three ohm (3Q) resistor ^ 
connected to a 12-volt battery* The current flow can be determined 
from Ohm's Law where I * E ♦ R, or» 12 volts * 3 ohms • 4 ampSt 
iurrent flow In this circuit then Is 4 amps. Tour Instructor 
v^ll give you some more problems to work using Ohm's Law, 

MAGNETISM 

Magnetism is a connecting link between mechanical energy 
and electricity. Without the effects of magnetism there could 
be no generators for charging batteries or motors for cranking 
engines. * Ic was not unwil tfae year 1820 that the association, 
between ^electricity and magnetism was dlscov^f^d* Before this 
time itf was generally believed that inhere was no relationship 
at' all between electricity and magnetism* 

Permanent Magnets 




The effects of atpietlta were first, discovered when fregments 
of Iron ore celled l^eetooe, fl^re 14, ulilcfa le found in nettae. 



Man £0 Atcraet oti»r pl«eM of iron. It 
i« loil -^ificii: of* iron _oi:i,_ or la ItoxL bat^ himg lit ti» «tr 



S^tR ffofli Q^^^ ^gyij^ v^j(j^ -g^^^^^ 
the North poX«, or N polo. Th« oth«r «nd w«« called 'the south 
pel* or S pole. Such a place of Iron waa called a bar itf'giiat. 
Today, most penanent magna ts^ are made of hard metals composed 
of alloys. Some of the more common alloys ara nlckal-lron and 
aluminuD-nlckel-qpbalt, or "Alnlco." Permanent magnets ate 
found in many shapes, such as Che well known horseshoe magnet. 

The Magnetic Field • * 
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Hpjfe IS, Magnetic Helda of 
a Bar and of a Horseahoe Magnet, 

The space ^fected by a magnet la called the magnetic field. 
Jie magnetic fifld of a bar end horseshoe magnet are shown in figure 15. 
The magnetic flfld Is described as "llnea of force" which cow out 

N pole «ad enter tha S pola« Ibere ara no' ae goal liaes ac9iBid . 
the aagmt, howevar. Tbm lliMs of fma act 4n easy way to show 
the Invisible ma^etic field. A good exa^la of thia la as follows: 
JmM» m bar magnet. Uy a piece of glaaa on top if tt. Then, sprinkle 
Iron fllln|» <m the glaaa. The fUlngs bacoM arranged in curved 
lines, figure 16. The curved lines of for^a extend from the two 
poles of the lugnet and follow the magnetic llnea aurrounding the 
magnet. The extent of the field force ia determined by the strength 
of the magnet. If the magnet is weak, thar^ m ralatlvely few lines 
of force. If the iBagn«t ia strong, there sr* many lines of force. 
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Figure 16. Magnetic Lines of 
a Beer Magnet i 
Iron Filings . 



Foro^of a Bar Magnet 08 Shaun by 



CHARACTERISTICS OF LHJSS OF FCRCE . To us, lines of force are 
invisible! unfelc« and imaginary • However , they aifk assumed Co exist 
because chey permit an easy explanation of Che ef^ccs of magnetism* 
There are certain rules for these lines of force which may .be summed 
up as follows. 



1. Lines of force outside the magnet pass from the north pole 
to the south pole." 

2. Lines of force act as rubber bands and try tc shorten 
to a minimum length. 

«-• 

3. Lines of force repel each other along their entire length, 
4/ Lines of force never cross each other. 





l^gui>0 27. Unlike Polas Attrcust, 
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Figure 23. Like Poles Repel. 

2FFECTS BETWEEN HAGHETIC POLES* Whtn Cvo unlike magaetlc 
pclfts ar« brought tog^th^r, ch«y atttmct, figure 17. Xki the other 
hand. If the magnets are placed so that their like poles are together, 
they are found to repel each other, figure 18-. From the above 
statement, <.nls Important fact about magnets can be stated: '.'Unlike 
magnetic poles attract each other and like magnetic poles repel." 

MAGNETIC I^SVLATOESt ARE THERE ANY? Actually, there is no 
insulacor for magnetism or lines of force. Magnetic lines 'of force 
seem to penetrate, or go through, all a^ib^tances. The^ are deflecjiid 
only by another magnetic field or magnetic material. The only 
'^escape" or "Insulator" from a magnetic fiel^ is distance or space. 



Electroniagnetlsfn 



o 

"^^^^ v.-^ ^^^^ 

Figure 19. MagnetCo Held 
Around a Vire Ccasryingj^ Cj 
Currtnt* 
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of ftlectront In a conductor, vhleh Actually aov«, tho Mgactle 
liii*« of foret do aot mm or floil arooBd th* idr*. tnttoad. 



ch«y Mtftly hAv* diroction m lndlcAt«d la CLgur* 19. Fcvor olactr^nt 
in motion « w««kftr Mtn^tlc fl^d around tho conductor. 

Thcrafort, th« grtator th« currant flow, tha strongar tha aay^atlc 

fiald. 




Direction of Lima of Force - Hghz 
Hand ifuii. 



^im^JG -THE DfPSCTIOH OF TB^ LILIES OF FORCE. In order to 
flind^cha direction of the lines, of forc4 around a conductor, there 
is a simple rule to follow. Vftien using the Franklin theory of 
current flow (positive to negative) , a sfcple rule known as the 
rlgh;-hand rule iu used. Simply grasp tha conductor with the 
right hand so that the thumb extanda in tha direction of the current 
flow, figure 20. The fingers will then point in tha direction 
in which the lines of force- surround the conductor. 




t 



Figure 21, . Magnetic 
Field in Loop of Wive~ 




^ ' ' M\^'vf/iS;(A><^^^ 'lip ' / 



Figzire 22, Magnetia Fiild Produced by Cuxvent FlcMing in cm 
Sleatrcmagngt (Loops of ffire Formed into a Coil), 
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WROUGHT IRON CORE 



COIL 



Figure 23, Qoil With Wrought *fron Core Instead of Air Gap, 

THE MAGNETIC FIELD IN LOOPS OF ^ WIRE, On a •tr»lght win conductor, 
cht number of ILdss of forc« art graatast at tha aurfaca of J^a 
conductor and apraad out into apaca ^a thay axpand asray f roir ^ 
tha conductor. Howavar, if a loop w^m foraad into tha wire, 
all o£ tha llnaa of forca around tha conductor muat paaa through 
tha inaida of tha loop, figure 21. llnaa on tha outaida 

apraad into apaca aa Chay did on a iiralght conductor* Tha 
litt«« on the Inaida of tha lo9p «r« eoataiaad. Thay iaeraaaa 
the danaity of the nwobar of llnaa of forca Is that area. If , • 
aaay loop* of vira ara fowsad. flgik« 22* It producaa what 
ia called a coll. Tha linea of force of all loopa eoabina 
into a pattern that greatly raaemblea the nagnetic field ■urrotrndlng 
a b«r aagnat. Thli eraatea a such greater nageatlc field with 
the aaae amount of current flow. It haa alao been found that 
nora linea of force can be created by uainft a batter conductor 
for line* of force than tha original air g^ in figure 22. It 
haa been found that by placins n itea cor* into a coil, Che 

- ,„ P)h 
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M cht'littM of fore« now tr«v«l chroui^ elM Iron bar t«€lw¥ 
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strength of EUctromaigfMts. 



fOOO JOO * 

TUflNS TUINi <. 

1000 AMHM JM^NS 

Figure 24 » Anper^'Twcn 
Comparison, 

• * • * 

Hlectromagnttcs arc constructad in various vays. Som* artf 

. coQS.cructed co use large amounts of amperage (currant). Startar 
fields and starter armatures are examples of this. Other applications 
are in relays, voltage regulators, etc., and are constructed 
CO operate on very little amperage. Tlie strength of an electromagnet 
is T'.easured in '*amper'*'tums. " Ampere-turns is the nund>«r of turns 
in Che coll of wire times the amperage (current flow) through 
the windings. For example, 1 amp times 1,000 turns of wire equals 
1,000 ampere-tums, as shown in figure 24. And 10 amps times 
100 turns also equals 1,000 ampere-turns, shown in figure 24 also. 

k Comparing the two electromagnets as shown ,J they have the same 
magna cic strength. The above facts-must be kepc in mind when 
working on electrical applications where electromagnets are 
used. 

Electromagnetic Induction 

In the year 1831 , a very import JAt discovery was made in 
the field of electricity when it was observed that a conductor 
moving across a magnetic field would have voltage or electromotive 
force (EMF) induced into ^t. this principle is called elect romagne tie 

induction. 

To illuatrate this principle , coasidar a stralgbt wire conductor 
that is aovlag acroat cha-aasnaeie tUX4 of a horsaaboa napiat^ 
aa Is figure 25. If a aanaltlva voltMCar mf conaaetad to tha 
ends of the- wire, tha voltastar would Indieat^ a sottll voltage 
whaa fiha wlla la awvad acroea tha sMgiiacle flald. Thla Induead 
voltage will be dependant on cbraa factora. Thaae factora can 
be listed as follows: 

1. tha stren|th of the taagnacic field.. 

2. Tha spaed at whiek the Uiias of forca.ara euctlng aei^oas 
tha conductors. * 
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Figure 25, EUotromagn^ti^ 

t ■ 

3. Th« number c£ conductor* ch4C are cutting ecroit the 
lines of force. 

Remember thet magnetism is a connecting link between meehanicfl 
energy and electricity. Without ^the effects of magnetism there 
could t>e no generators, alternators or motors for charging batteries, 
cranking engines, etc. The principle of electromagnetic induction 
must be thoroughly understood. \ , ^ 

ELECTRICAL MALFUNCtWs AND TEST EQUIPMENT 

Electrical systems on vehicles are well constructed. However, 
there are times when troubles will develop in electrical circuits. 
When this occurs, the mechanic must be able to trace any circuit 
by the use of schematics and test equipment. 

EUctrlcal Malfunctions 

^ When something goes wrong in an automotive electrical circuit,, 
it ulll usually fall into one of four types of malfunctions* These 
types of electrical malfunctions can be calsslfled as open circuits, 
short circuits, unwanted grounds, and excessive resistance. 

0PE19 CIRCUIT* An open circuit consists of a break in the V 
circuit. An< example of an open circuit is a wire that has come 
Ibose or a slip connection that is not making contact. If -a circuit 
is open, no current will flow through the circuit and. an asneter 
would fhow 0 aaips. 

SHORT CIRCUIT, A short circuit occurs when copper touches 
copper, such as when two bare wires touch each other. Current 
is given a shorter path to travel through and soM of tbe resistance 
in the circuit is by*passed. A short circuit always results 
la a hi|ti«r«thn sonal currtiit flow thrott^ all or part of thA 
circuit that !• sliorted. * ^ 

VSftASTJSD (^OfflfD, An anwvated ground occurs whenever any 
part of the wiring touches the ^icle- fraao bafore it is supposed 
to* Aa uftwaatod irotad iBvoiy«ar«celdeiital or iminteaitioaAl 
contact between copper and the iron frame of the vehicle, 

• SXCSSSXVE RESieTASCSt IVE TROUBIXmXSR, «&tca*sive reels taace 
can be e^uaed by w^iy diffsrent thiiiga, Sxeeeeiv* reeietmce 
la generally the aost difficult aalfunctio«;for the mechanic to find. 




cprtoslo&t A ^^4^ ^^'tt* ^'''^T otiMr thlngt. A food volcaiCAr. 
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T circuit to i^tlt* th« poifitji of ixetlilvi" rc jl^tttCft . 
DC MBters 

Diagnosing troublM in ch* •lactrical. systom is on« of 
chCi noTft inportsat dutiss of che autonocive alactrician. To do 
this corrsctly It is important that tht propsr instninenta are 
connected in the circuit in the right mannar. Many of the meters 
you will use in the field may have nore than one scale on them. 
You MUST know how to correctly read your test netari . If the 
Instruments are cared for and uled properly, the au^tomotiv«7 
electrician can decide whether changes or adiuitmantNS are -needed. 
He can decide whether a unit or part needs replacsmen^ or repair. 
He c«n decide whether the system is performing satisfactorily.. . 
Each unit of an electrical system is built to a specification. 
To find whether it is op«ra«ing to its rfficiency, periodic 
tests Are necessary. In making tests, use the equipment technical' 
.order to Jind the specifications, 

HORSESHOE 
SHAPED MAGNET' 



LOW 
RESISTANCE 




HIGH 

RESISr 

TANCE 



AMMETER 
ClRCUlt 



VOLTMETgR 
CIRCUIT 




Figure 28* MovLng~Coil Tyip9 Meter, 
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. THE VOLTMETER, Most volcmecers are of the movlng-coll type, 
they consist of a permanent horseshoe magnet and^ a movable coll, 
figure 26. Current flowing through this movable coll reacts 
with the magnetic field of the horseshoe magnet (like poles 
repel), causing the coll to turn agalifst a slight spring tension. 
A pointer Is attached, to the coll and .moves across a scale to 
show the correct voltage of the circuit being tested. A voltmeter 
Is always hooked across a circuit or parallel with the circuit, 
figure 27.. This is a very Important point to remember. The 
voltmeter uses vary little current from the circuit and will 
not disturb the circuit. Therefore, the voltage of a circuit 
should* be much the same after the voltemter is hooked up as 
It was before. * 

THE A:'£-!ETER. The ananeter is used' to measure the flow of 
current through a circuit. The ammeter, like the voltmeter, 
is usually of the moving coil type, figure 26. The ammeter has 
very low- resistance between the two terminals of the meter'. This 
lets the meter show very accurately the amount of current flowing 
in the circuit. Unlike the voltmeter, the ammeter must' be connected 
in series with the circuit being tested. Figure 27 ai^hows the 
correct way to connect an ammeter Into a circuit. 

^ • - 

Caution: Since the ammeter has a very low resistance, it 
must NEVER be connected across the voltage source. If 
connected across a voltage source, such as the battery, 
the meter may biTlnstantly damaged beyond repair. 

THE OHMMSTEM* - 7o^ will probably not use an ohnneter too; 
often, but you should know how to ule then j tut in pase. The 
o^npMter It auch like th« voltMtcr and agsBttCef. Howsver, the 
ohBflMter contains its own dry cell (flashlight) battery for a 
source of power. Oh«n«t#r« ibould never b« coaxMcted to «a axtamal 
source o£ power (voltage) or to a circuit that has current flowing 
through it, as the toeter may become daiaaged. 

, CAKE OF THE DC.MSTEES. It Is very important that the meters 
be properly cared for. The accuracy of the readings will depend 
upon how the meter is taken care of. If they' ere not ceiled for 



pro^rly, th«y eaimot poMtbly.givt ttim uMt aa «ccurAt« rMdlAg. 
For thft car* of th« tMt«r«» il««y« r«f«r te Ow correct taclmlaX 

A^dmr - £a:r «>k» ^<tt** f<« tfrt . Ttrt dlff#fnt iBtttrf Mill 



Electrical Symbols 



E or V 
1 or A 
R 
+ 



Voltage 
Current 
Resistance 
Positive Terminal 
Negative Terminal 
Light Bulb 

Fuse ^^^\^ 
Fixed Resistor 

Adjustable Resistor — ^\A/^ 

ft 

Conductor ' 

or I*' 



Rheostat 
Connection 
Crossing 

Single Pole Doiible 
Throw Switch 




Condenser — ^ 



Battery 
Voltmeter 
Ammeter 
Ground 
Diode 
Transistor 



Figure 28, Eleotrical Symbola, 



We have stated that automotive circuits ^may be classified 
as series, parallel, or series-parallel. In any circuit there 
will be electrical devices installed, such as a battery, light 
bulbs, resistors and switches. Many symbols are used in electrical 
diagrams. In electrical work, symbols are used in diagrams to, 
represent equipment, devices and conductors. Some of the symbols 
are shown in figure 28. A diagram sho\flng the connections using 
symbols is called a wiring diagram. A typical wiring diagram 
that will be found in automotive maintenance manuals or technical 
orders is shown in figure 29. The symbols used throughout this 
course are common symbols. They should be well studied. Many 
other symbols will be found In wiring diagrams. They will be 
explained whenever they appear In the covrse. Wiring harness 
cable circuit identification has been established by number 
coding aad/or color coding* The prim purpose of wlriB identification 
Is to make it e«sl«r to Install a wiritsf hmeM only 
the very ends of the many dlffereot .wires can be seen. Z£ tsimbmt 
coding is used the code mmbmt* md - the clrc9it will be listed > 
in the vehicle *s technical order. Color coding the Insulation 
is widely used. The color code is usually given on the wiring 
diagram applying to the circuit. Ititt«tfb«r, VhM in doubt, consult 
the p^roper technical order for the fcorrect information. 
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-V6^18Dai 




/MOTOR 



OPTI ONAL 

VAWAllir^ffi 
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MOTOR 
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hGN/R* 
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Figvife 29, Engtne Conpavtmsnt Wiring Diagram " Typiaal, 




SUMMARY 

^ to cha If^gth of this part of ths Immii, a brlaf ravlant 




•Xaetrical fundamentals md knovs how to us« his tsst aatars will 
.soon find that his job b«CM*s mtcfa aaalar. 

Questions 

1. The exact nature of electricity is not known, -but 
it can nake itsalf evident by effects. What are four effects 
of electricity? 

* 

2. There are several kinds of electrical conductors. 
What are the three considered to be the best and in their proper 
order? ' 

' . ■ * 

3. What unit of measurement is tised to measure a flow 
of current? 

- . ■■ ' - ^ 

4. What unit of measurement is used to measure ^he force 

of movement behind current? 

5. - What i3 voltage drop and fiow is it useful? ~* 

6. Whit Is the difference between a s^aries circuit and 
a parallel circuit? \ 

7. How can the magnetic lines of force in an electromagnet 
be increased? . 

8. M£^ets have north and south poles. Which poles atLract 
and which pcJleS repel each other? 

9. In measuring the flow of current in a circuit, would 
you connect the instrument in series or parallel? 

10. What materials are usually used in permanent magnets? 

^11. Ohm*s Low can be sutaaed up as the relationship between 
■ resistance, current and voltage. State Ohm's Law. 

12. What determines the strength of an electromagnet and 
what term' is used to express this? 

.13. What ara three.rules of Ohm's Law? 

14. What Is a circuit? s 

15 i Row Is wiring, harness circuit Identification establlahed? 



'ii:;. "1" ' 
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S£CTI(»t II 



Thm pravlous Mctloa of this U««oa cov«»'€lit prlnciplftt 
of •Itc&riclty and nagnttlam. We lald that •Iftctridty is not 
vtsibi a but that it doas naka itsalf avidant by oaa of four af facts. 
Ona of thaaa affacta is chamical alaetricity. Chaalcal alactricity 
is producad throui^ a combination of chasdcals snd various kinds 
of matals. Tha reaction that takes place producaa electricity, 
auch as in a storage battery. The following 'infomation concams 
the construction and operation of the type of storage battery . 
used In the autonoblle. 




The lead-acid storage batcery Is an electrochetnlcal device 
for converting chemical action into electrical energy. It la 
not a storage tank for electricity, as is often thought, but 
instead, stores electrical energy in chemical form. Tha battery 
performs three functions in the automobile. First, it supplies 
current to the cranking motor and the ignition system as the 
engine is started. Second, it supplies current for the lights, 
radio, heater and other accessories when the electrical damu&d 
of these devices exceeds the output of the generator or alternator. 
Third, the battery acta as a voltage stabilizer in the electrical 
system. Satisfactory operation of the vehicle is impossible 
unless the battery performs e&th of these important functions. 

Construction t 



OTEaEO CELL CONNECTOR 
r-CEU COVER 

TfRMINAl POST 




COPYHIGHTEOBY 
Pbim*C r ICTOt WVt5fON 
' Figure 30. ' Battery, 

Tha construction of an aiatoaotiva laad-acid storage battery, 
fifure 30, ia at^ that a hi^ly raliabU aoutea of power la 
provided. . Storage battariaa have three or nore cells depaading 
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on eb« volcftg* required . A battery of three cells connected 
is series is called a 6-volt battery* A battery of s^x cells 



1 I 





Positive Plate 
Group. 



Negative Plate 
Group. 



Figure oi. Plate Groups* 




Positive Plates Between 
Negative Plates 

Figure 32. Aaaerrbly of 
?lat0 Groupe, 

.TSEBATTERX CELL. A battery cell is made up of two types 
of plates, one called a positive plate and the other called 
a negative plate* Aetsaliy • tta« msm mmr m«b plates ixt * 
battbry^ cell* The Mgative pl«t«a contaiia ^ooge lead (Pb) « The 
positive plates contain Issd* psroxids (7b02> * The cell, platbs 
are a frid*like strtseeure, fifttre 31. This "atlws the plate 
note rigid and provides aors area to b« sxpoaed to tbm acid in 
the cell* fsyersi pj^tM by a piste strs? 

casting to font. what is csiled s positive group and*s negative 
group* figure 32* The plates, which are iaaersed in a sulphuric 
acid solution (H2SO4) (cslled electrolyte), are sepsrsted by 
thin shests of porous inswlating Material called ssparators. 

29 



c«u«iat ft shove drcuic. ta&h Cftll of a I«ftd-4^1d b«e€«ry will produce 




i gruf m B it Hi 



of 



a typicml coll is ohown in flguto 33. A now cyp* of bAttory coXlod 
"Eaotglzor" lo aott bolng uood la aony now aucoaobiXoo «o otomiArd 



oquipmonc. Tho conotruccion of tho "Eaorglzer*^ coll is bASlcslly 
as doscrlbod abovo alchough oach part is callod by a dlfforont 
too f&guro 34. 

THE CASK CONTAINS TBE CELLS, After coll compononts aro assoablod, 
chey are placod in a battory case. Tho caso is nsdo of tDoldod plastic 
or hard mbbor. This makos tho caso vory strong and, in tho caso 
of plasciCt lightar in weight In the bottom of the case -are sediment 
ChambersT^ Particles or load which fall off of the plates are kept 
safely out of tho way in the sediment ch^nber whore they will cause 
no harm co tho battery. 

'/ENT CAPS Af?5 THERE FOR MORE THAN QUE REASON, A vent cap is 
located in each cell cover and servos two purposes . First * it closes 
Che opening in the cell cover through which electrolyte can be checlced 
and water added. Secondly, it provides a moans for tho escape of 
gases formed during charging of the battery. This prevents the 
battery from possibly exploding* 



Manifold and vent piug 








HOlO DOWN SlOf 

Figfiav 35, Sn0rgi94r HtH SidB TirminaU, 

POSTS mviDS TUE COmcnOM. Eleocncsl connection to t!» 
bettery Is oede through the be'tUry po«tf « One poet is Mflitd potitiye 

, . - ^i - ■ ' .. 




tht ^tcs slds-aou&tcd, sm figurs 35* Dmm b«Ct«rl«t r«qul«« ip 
a^AciAl emMctliit ad^ter wfa«n r«eb*tfiiig Uk* b«tt«ry or Attn^tlns 
to ^juip start** th« v«hicl«. 

Optratlon of th^ UMd-AcId Batttry 

xlHhan a battary call la fully chargad, tha nagativa plata la « 
apongy laad (Pb), tha poaltiva plate it laad parexlda (Pb02)» and 
tha alactrolyta cantalaa a maximum o£ sulphuric acid <H2S0a) . Both 
plataa ara porous. Thay are readily acted upon by the acid. A 
call in this condition can jproduce electrical energy through the 
raaction of tha chemicals. * ' 

■ r • " .. 




DISCHAR04G 



Figura 36, Oimioal Actiorj. - 
of DiBohaopging BattAry, 

VISCBAP.GI:JG the 3ATTSFy. "Li Che terminals of the battery are 
connected to a closed circuit, the cell discharges to supply VleCtrlc 
current. The chemical process that occurs during discharge changes 
both the sponge lead of the negative plate and the lead perqjcide 
of tha poaitive place to lead aulphate (FbS04) and the* 'Sulphuric 
acid to water (H2O}, refer to figure 36. Thus the' electrolyte becomes 
, weaker during discharge, since tha water increases and the sulphuric 
acid decreases. - As the discharge progresses, the negative and positive 
plates finally contain considerable lead sulphate. The discharge 
should always be stopped before the plates have entirely changed 
to lead sulphate. Sulphated plates may result in permanent damage 
to cha battery. To better understand thls' chemical reaction, the 
action that takes place csn be suoMd up as follows* The sulphuric 
acid la abaorbad by the plates to produce current. So when tha 
electrolyte has been reduced to water, the battary is In a^dlachaifged 
condition. 



tiflsaWf g gg BigraHX IS SS XT, To eiMfgo jt^ eoXi«, «ft moxiul 



iowrco of diroet eitrroDt auot b« coimactod to th* ^ttery ttAnitaala. 
fi^ chemical aeti^ is then raveraad and rotumi tYat positive and 
iwgativa ptatas to tlialr otigiaai condition.^ Hhati alt chaNittX^hACS 
on tha plataa has bean raturiMd to the electrolyte t> form iul^wric 
..aftid* tha call haa bean fully »achariad* It la raady to ha uSad 
for the next discharge. Chemical action for charging the battary 
call la shown in figure 37, , 



Figurs S7» ^tury Charging^ 

Battery Capacity 

Th« two nose coaaoa battery ratiaft a^a 20-8our Baca at 
80*7 and tha Co^d Rating at 0*F. Tha 20-Hour Rating Indlcatat tha 
lighting and accaaaory load capacity of tha bactary and tha Cold 
Rating indlcataa tha cranking load capacity. 

TSS 20~aOUR RATHtG,^ lha_iO:rHottr Rating in a»para-houra la 
datarminad by laboratory' ta'ating. Tha feattary-ia^^fully^argad. 
With tha battary taaparatura aaintainad at 80*, Cha battary la dischargad 
at a constant rata for twanty hours* At tha and of thla tima tha 
call voltaga nuat raaaln abova 1.75 volta. A battary that can supply 
5 aapa undar thasa conditions would ba givan a rating of 100 ampera- 
hours. (5 asps 3C 20 hours - 100 ampara-hours) . 

THE COLD RATING. Tha Cold Rating la obtainad by discharging 
a fully char gad bvttsry at 0*F at a cenatant rata of 150 or 300 
' aispa, dapanding on tha voltaga and anpara-hour rating of tha battary. 
Two ratings ara givan. Ona is cha voltaga obtainad aftar 10 saconds 
of discharga, tha othar is tha ^ima in mlnutas for a battary to 
raach its and voltage. A battary having a lO-sacond rating 7.6 i 
volts at 300 amps will maintain a voltaga of 7.$ volts or highar 
for 10 saconds. A battary having a tlM rating of 2 alnutaa will 
oparata undar tha abova conditions for 2 mlnutas bafora tha and 
voltaga is raachad. The highar tha 10 second voltaga rating and 
tha highar the^ time rating, the greater will be the cranking capacity 
of the battary. 

'WERGJ2ERS" ARE RATED IN WATTS, "Snergizera" ara rated in 
vatts, which la a aaaaure of the cranking ability v$ the "EnergUM" 
at cold tavparaturaa. The wattage rating la determined by labora4;dry 
teatlng and if obtained by aultlplylng tha voltaga by tha current. 
Tha peak wattage la uaad In rating "Baargisers" at the temperature 
Involved. Thua, by coaparlag wattage ratlnga, an laoediata compariaon 
batwaea **&iargisara" of cranking abllltlaa is obtainad. 

FiCtOff AfWcttlig Utuh lif 

nwra ara vartoua faetora which affaet;tiw life «f a battary. 
Oi thaM, cha aarm laportaat iacluda 'avrd ta ch OTgl at. rapid ebarstng 
aad rapid diacharting. Ovardiachargiag or allowing a battery to 
rsMln im • 41a^fMt«d^ mAitiaa far a^ 4mi^ peciod «! Uaa^«attaaa 
excaaa aolphatioB of tha plataa. Hhiaa chia eoaditioa la. ra«ehad, 
it ia ateoat lape«aibla ta eharfa tha battary. Too rapid charglag 
«ar diaaharting eauaaa evavlMat^ aad wfttplag of ^ pUtaa. Ixeaaa 
alMddiai of activ* plat* tttariai rasulta, radtteina battory espoeity. 

■ i • ^ n - . . 



BATTERY SOWICIf^ m TESTING 



tectAty ctatkot b« ovsrlooksd m a potaibla tourc* of trouble. 8iac« 

eoodiclOB of xh» bacttry, it it alwmyt sdvisAbX* to start all 
eixiBttit ehaeks by ehaeklng tba battary firat. Otharwlta, a eoBpoaant • 
part of aoM circuit, failiat to fuaetloa pro,.4rly, say ba uajuatly 
condaaaad. If tha battary la provan dafactiva, It ahould ba raplacad,^ 
It it la found to ba nartiy evarchargad or j&darchargad, furthar 
chacka may ba nacaaaary^ 

Batttry Sarvlcing 

Moat alaatrical troubles caused by battery falluraa can ba 
pravantad by aystamacic battery aarvica. A large nuabar of prematura 
battary failures can be elialnatad if fcr Imoortant poinca are 
cmsidared. 

* 

COSRECT A^LICATION IS A MUST> Long and trouble-free service 
can be expected only when the aapar-hour capacity la balanced with 
che electrical. load. The use of an undersized battery will result 
in poor performance or early failure. When a new battery is installed 
in the vehicle, the replacement battery should be at least of equal 
anpare-hour eating to che original biiccery. 

* 

PBOPEF ACrr/ATION IS HECESSARI, Proper activation of dry charged 
batteries is extremely importanc because improper activation always 
results in poor performance or early failure. The hydrometer test, 
which will be discussed in the battary testing section later, will 
determine if che battery has been properly accivacad. 

CORBECT INSTALLATION IS IMPOBTANT. Correct installation of 
"^m^attary Is also important since caae or cover breakage may result 
from tmpr^opar handling and Inatallation, The hold-down bolta should 
ba kept tl^ght. enough to prevent the battery from shaking in its 
holder, which cottld damage the caae. However, they should not ba 
tigKtened to the point where the battery case will ba placed under ^ 
a severe strain. Tha battary carrier ahould ba dean and fraa from 
corrosion before Inatallinv a battary. Corroalon on tha carrier 
will Incraaaa tha rata of corrosion on tha carrier and keep it level. 
The battary should ba inatallad in its carrier with tba poaitlva 
and negative poata in the proper poaition. 'Ravaraing ^ha battary 
polarity can lead to generator regulator or ignition probl« 



Caution s -Wwn itf>talltn$ battariaat tlta gveuod cMm at ikm 
battery taniaal rt^d ba diacoanactad firat and raeoonaetad 
laat to avoid daaaga to tba battery ud* wiring by aeeidantal 
grounda with toela. 

PSmmi€ SmmcS IS M mOWrS mCSSSmS a battary U a 



pariahabla iten which requirea periodic servicing. Tharafora a 
§9od aalnt^ittea prograa for tba battery will Inaura tba longaat' 
f«aaibla battary Ufa* . . . 
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Figure^ 2$, Mtt^u VigyaL Inap^^im* 
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FiguTA S9» Viau Iiwfim, Vant Vail, 
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Gtactraiytt '«t Proper L««*i 



ElacmlyM at Law Level 



Figure 40, Checking Eleatrclyte Lavel Using Eye, 

Check Electrolyts L^vttl Frequently. The electrolyte level, 
figure 38, ehoiild be checked every 2,000 mllee or once a nonth. 
In hot weather, particularly during trip driving, checking shou]^ 
'be more frequent because of more rapid lose of water. If the electrolyte 
level 1« found to be low, distilled vater or tap water should be 
added to each cell. Add vatn to the split ring in the bottom of 
the vent well, figure 39, or until the "eye" is dark, figure 40. 
Do not oyer fill the battery as this will cause less of alectrolyte. 
Loss of electrolyte will result in poor battery perfomance end 
alee will cause corrosion.. Only water should be addad co the b«ttsry» 
never acid. 

Hotel The water level in the cells should never b« allowed 
to go below the top of rhe plates as peraanent julphaclon 
. will result * ^ 

Esttemal Condition Must Be Kept Clean. The external condition 
of the battery should be checked periodically for daaag* such as a 
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^k«n caf« or brokan ctXl xov«r«, figurt 38. Th« top of tk$ ^tttry 
^oold b« iMFt dm. Ihl« is partlctil«rly tapdrtaat for U^volt 




For bMt rotultt when cl««aiag tho top of battorloo, wash first 
vith s solution of baking so4s snd vstsr to nsutr^liss say scid 
prsssAC. Ths battsry top should; than be flushed off wltlr dean 
water. Care vuat be taken to keep vent plugs tight* so that the 
neutralising solution does not enter ^he cells. 

Electrical Contact Should be Clean and Tight. To insure good 
electrical connections, the battery cables should be clean and tight 
on the battery posts, figure 38. If the battery posts snd cable 
termiitals are corroded, the cables should be disconnected. The 
terminals and clamps are then cleaned separately using a battery 
cleaning tool or a solution of baking so^a and water and a wire 
bruah. 'After cleaning and reconnecting the cables, apply a thin 
coating of vaaoline on the poets and cable daaps to help reduce 
corrosion* Some oanufacturera also recommend that a felt wesher 
be placed on the battery post underneath the cable clamp to help 
reduce the corrosion of the terminals. 

Battery Testing ^ 

.While taking proper care of the battery will insure a long 
and useful life under most conditions, the battery must be tested 
occasionally t£) check its state of charge and intsmal condition. 

THE BATTERY HYDRQ>!ETER TEST CHECKS THE STATE OF CHARGE. The 
atate of charge of a storage battery depends upon the active material 
on the plates -and the strength of the electrolyte. Other than charge 
the battery, you can do nothing to increase the active plate material. 
However, you can check the electrolyte of the battery to find the 
state of charger Use an instrument called a battery hydrometer. 
You ar^ checking the specific gravitv (weight of sulphuric acid 
compared to water) of the elfcctrolvte. The hydrometer is a small 
giSes tube, weighted in its lower end so It will floet upright when 
the electrolyte is drawn into the tube. Part of the hydrometer 
is shown in figure 41. The hydrometer is calibrated from 1.150 
to 1.300. The number 1.300 is on the. lower end of the float, figure 41. 
The depth which the weighted glass tube sinks, into the electrolyte 
is determined by the density of the electrolyte. The more dense 
the electrolyte, the higher the hydrometer will float. A fully 
charged battery has a specific gr»vity reading of, or about 1.280 
on the hydrometer (BO* teinperature) , figure 42. An undercharged 
batfery would. show aa a specif Ic* gravity reading of 1.225 or below, 
figure 42. 
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OOINO DOWN 
Ai bftfory 4teMr««i* 

SptciHc grovitf dropt: 




UHSAffi 

ffslyfv* 8l>rtliig fvitufv in 
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iir f^* 




DISCHAXOSO 
Acid olmoti •fltMy tfi ploftfp 

kiiid. Spa ci fc gravity lowvr. 



both Mat* M«tftoli» H ydronw tf sinks lower. Not* 
diaiigiiit positloffi e# block dots In iUwstrotions. 

Figura 42, 

Note: Correct the specific gravity reading* for electrolyte 
tamperature. Whan the eUctrolytf temperatur* above 80 
degreaa F., add 4 points (.004) to the hydroaatar reading for 
ev^ry 10 dagraaa above 80 degraaa. Whan the elactrolyta tenpara- 
tu^a.if balow 80 dagraaa, ««btract ^ poUt» for aach 10 dagraaa 
ba^ov 80 dagraaa. 

C«l«i<>a* bactary U fully chargad bacauaa 

hyJroaatar teadinga tak«i on partially chargad, battariaa 
aral unrallabla. Never make a hydromatar taat laaadiataly 
aftar water haa bean added to a battary. It M Inpdrtant 
thaS tha aya be appmxlmatalv at tha lJ,quid laval whan 
the 'xaading ia t#kan. Raadlnga taken at a aharp^ angle 
usually ara vary inaccurata* ' 
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word*. It iomv oet tMt hew wich <etlv« aatArlAl is •till «v«iXabl« 
to fttxnlcb cttxwt or if tho MparmteiM «• still fcotpim ths plutoa 
tern toiichiat. lb dt«ek xAm iat«ni»l eondtttea of tlia tsttszy, 
a bsttory capacity tost is mods* I^is assso^thist tho bsttory mttkt 
1m tostod by applying a spocific lead M it. Slaes tMt proea&troo 
will diffoT dap«Eidittg upon tha typa of taat aquipasat balng uaad, 
ba sura to rafar to tha propar tachalcal ordar or maaal for tha 
taatar baing \iaad. 

B«tt«ry Charging 

Thara ara two mothoda of racharglag as undarchargad battary. 
Qoa io the slow charge natbod. and tha othar la tha fast charga 
nathod. As tha n»as ioply, thay dlffar in tha langth of tlaa tha 
battary is charged «nd tha amount of charging currant supplied. 

THE SLOW CSAHGE IS 3SST, The slow charge ttathod supplies tha 
battary with a low charging rata for a long period of time. The 
charging rate should be about 5 amps . Charging periods of twenty- 
four hours and more may be needed to bring the battary to full charge. 
The battery Is fully charged when there is no change ix. spedific 
gravity readings over a three hour period. 

SAST CHASGHJG is quick* This method supplies the battery with - 
a high charging rate for a short period of time. Charging rates 
of AO-JO amperea are common, with charge periods varying up to three 
hours maximum. A battery cannot be fully^ recharged by the fast 
charged method, although it can be "boosted.** To completsly recharge 
the barttery, the fast charge method should be followed with a slow 
charge for a few'°houra. 

Caution: Never allow the electrolyte temperature to exceed 
125 *F when recharging a battary by either method* Permanent 
damage could result to the battery. Also, batteries that ara 
recharging give off a highly explosive gas. Be sure the area 
is well ventilated to prevent an explosion. 



Connecting Batteries Together 



ERIC 




Hgur0 4S, CortMoHng BattdriBt in Stri^a* 

Storags battariaa may ba conoactad in two dif farsnt ways to obtain 
various voltages sad aaparagas. Tha two ways of eeanaetlng battariaa 
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Figure 44, Connecting Biztteries in Parallel. 



are in scries and In parallel. Connecting batteries in series 
will increase voltage. For example, if. a voltmeter was installed 
in a circuit with four 6-volt batteries connected in sauries, 
figure 43, the voltmeter will show 24 volts. However, connecting 
the batteries in parallel, figure 44, will not increase voltage. 
This will Increase -the amperage rate. In other words, by connecting 
6-volt batteries in parallel the 6 volts are maintained. The six 
volts will last longer under use because the ampere-hours are 
increased. In the series circuit the connections are from positive 
to negacive. In the parallel circuit they are from positive 
to positive and nagative to negative. 

SUMMARY 

Becoming thoroughly familiar with the contents of Sections I 
and II of this lesson will not necessarily make an automotive 
electrician. However, if the automotive electrician la throughly 
familiar with the prindiples of electricity, magnetism, circuits, 
and storage batteries, he should be able to do a more precise 
and quicker job of testing and servicing automotive electrical 
systems. To Inaura the subject is f miliar, a review of the 
entire lesson should be made at this time by answering the summary 
questions which follow, 

QUESTIONS 

1. Rsatstance is opposition to current flow. What Is 
the purpoaa of ratlteaaca? 

2. Elactrlcal •jw^l* «ra u««d la place of davicea la a 
•chamatic diagram. Draw eight ^aatc sysboli of a schematic diagram. 

3. Whaa comMCtiat atoraga battariai Cog»th«r to incraa«a 
voltage, how are thay connected? 

^ 4. How are battariaa comiaccad together to Increase amperage 
rates? 
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6. How mA7 imlts woold h«vo to bo oomMctoa to t eireult 
in et4«t to prodttca a A-ao^ro flow thzottglv a 6-o1bi raaiatanca? 

7. What aafaty |>rocautlona would you obaarva whUa worklnc 
oa autoootlva alactrleal eiTctiitaT 

, 8. What affact doaa taaparatura hava oa ratlatanea of 
tha wlra in a circttit? 

9. On a straight wlra conductor whara ara th^ nuabar of 
line« of forca tha graatast? 

10. What ara thraa mathoda of inducing currant into a conductor? 

t 

11. Briafly axplain how a storaga battary works. 

12. What aaparatas tha plataa in an autonotiva battary? 

13. What is tha purposa of tha spacific gravity test of 
an autoi&otive battary? 

XA. Why is tha frama of a vehida includad as ona of tha 
components which make up tha electrical circuit? 
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Vehicle Mitntgnen^^ te«t^ 




OBJECTIVES . 

After completing this study guide and your claesroon 
instruction, you will be able to explain the operating 
princlplas, function and construction of vehicle Ignition 
systems. You will also be able to perform maintenance, 
test ^d adjust the Ignition system components and use 
special test' equipment. - 

INTRODUCTION • - c> 

One 6t the most Interesting subjects In the study 
of automotive electricity Is the ig^*.. .ion system. Having 
the responsibility of providing a high voltage in the right 
order at the right time, the ignition system can supply 
300 high voltage surges every second at high engine 'Speeds. « 
Since ignition systems cause the majority of englnje troubles, 
you must tinderstand the operating principles, function, 
and construction of the various units of these systems. 



INFORMATION 



Spark Ignition systems may be divided into two classes. 
These are battery and magneto, these tvo systems are much 
the same. Both systems furnish a spark to each cylinder 
at a proper moment to fire compressed gasses to get the 
maximum energy from the power stroke of the engine. 
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BATTBIY IQtlTIffl! SYSTffl 
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Figure 4S, Ignition Circuit, 

The bactery Ignition system, figure 45, consists of a 
battery, a series of wires and cables. Ignition switch, ammeter 
(not shown). Ignition resistor, coll, distributor Ccontalns 
points and condenser), spark plugs and cables. The system 
has two clrcxilts, a primary and secondary. The primary circuit 
has those units that carry only low voltaga currnt. These 
units are the battery, ignition switch. Ignition resistor 
(used with. a 12 -volt coll), primary winding In the coll, breaker 
points and condenser. The secondary circuit carries the ^rrent 
to the spask plugs after It has been increased to high voltage. 
tk^M^'Ctrwit Includes such units as the secondary windings of 
.the coll <flne windings), rotor, distributor cap, spark plugs, 
and If Ark plug cables. ' 

Battery 

The battery (a&d ^mnrntox) focnleii ttm Mice* of voltai* 
and current for ths ignition system. Vehicles may be e^ui^^^ 
with 6, 12^ bt 24-vott batteriis. Twvlvm volt IgnitioQ eyetems 
are .the most coomm in ue* today. " , ^ 



Artmttr and Ignition Switch 

The aaoMtor,' if present, is connected botwmoa the b«tt«ry 
and the ignition switch. Altfiough it i* not «««i&tiai to th« 



3'/ 



45 



• . ♦ » » 



09«r«tl9n of th* circutc, tt i» « lait i^elt aumw tl» fiov 



op«raclon. Th« igoltlon ttftteli provldM a nkana of opaning 
and clpplng the prlatary circuit. Baaidaa tha ON-OFF poaitioa, 

itnftlon awlt^aa K«v* a STAST peaictmi aaarglMa 
the starting siotor and ACCESSORY position vhich alloirs currant 
to go to tha acoaaforiaa, but not througH the ipiltion ayataa. 



Ignition -Resistor 



In a 12 -volt Ignition circuit, a ballaat resistor, figure 46, 
or a resistor wire ia connected in series with the coil prioary 
windings^ to control ignition primary current. The resistor 
wire, as used on some applications, ^s of a certain aisa and 
of a certain length to cause the correct amount of resiatance. 
The resiatance in these systems changea very slightly with r* 
'temperature. This prevents excessive primary current at low 
temperatures. It reduces the tendency for the distributor 
contact points to oxidize during cold weather. The ballaat 
resistor, "as used on other applications, is bypaased during 
cranking. The ignition coil is then connected ditectly to the 
battery. This allows for improved performance and easier 
starting. The bypassing on some unit^ is done by use of 
"finger" within the starter solenoid.^ 




Ignition Coil 

The ignition coil is a device which steps up (transforms) 
the low voltage of the battery or generator to a high voltage. 
This voltage may reach as much as 30,000 volts in some installations. 
The extrsme high voltage is to provide the electrical pressure 
so that the elactric current will jump the gap at the spark 
plugs. This ignites the compressed gassos in the cylindera ^ 
of the engine. .The ignition coil contains three essential 
parte. These are primary windings, secondary windings, and 
a soft iron core. 

PEIMABX WINDINGS. These windings, figure 47, consists 
of a few hundred turns of relatively heavy wire. 

SECONDAHY WtNDINGS, Theae windings, figure 47, consists 
of many thouaends of tuma of a very fine wire. It ia aai^ambled 
with the primary winding around tha outaide of It. 

LAiONA^D Iim com. The «ora. U^a 47, la aoft iron 
and ia diaeributad so that one portion aatvas as a cora for 
thelWlttdlnga. Tha raaalndar is a shall around the entire 

' . CONSTRUCTION THE COIL, These parts of tha coil are 
than placed In a caae. The remain i ng apace la filled with oil. 
tha coll cap is than lastallad and aaalad. This pravanta tha 
a&traaca of aoiatura, whlcth would c«uaa coll f, allure. It also 
helpa ia cooUns ^ eoU. Althou^ tliara are a v|ufiaty of 
Ipiltion coila for varloua types of oparatlon, figure 47 ahowa 
a typleal ifaltioii eoil^ad on tba v^lda. . 

47 ' * 
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Figure 47, CutdDay Vieu of ^ ■■ ' 
a Typioal Ignition Coil, * 

THE COIL ?BODUCES TSB ZAP! The Ignition coil op«ra-te*,. 
on Che .principXe of electromagnetic induction. When the prioery 
circuit i3 closed, current from the battery or generator flowaj 
through the primary windings of the coil. This builds up a ' 
magna tic field around the' coil primary windings. Whan the cit'cuit 
breaks, the .magna tic fiald collapses rapidly. Tha rapid movement 
of the collapsing lines of force induces a very high voltage 
into tha secondary windlnge of tbe coil. (The amount will 
depend upon the construction of the coll, the number of turns 
of wire in each winding, and the amount of current flow through 
the windings.) 

Ignition Distributor 

The ptivposa of ehe dlacrlbtttot, flsttve 48« la to opoa 
and elosa ^ primary cireoit by maaas of contact points, tha 
dlacribiieor eM? dixacsa hi^ vplcagft sucga thr^ugli tha 
sacondary eireult to tiia proper spark plug #t tiia correct elma* 
The distributor consists of a l^ouslng, shaft, braake^assembly, 
eondansar i di s tr ibut or ccp and rotor, centrifugal adwie« fflechaals«' 
and /or a vacuum advance aechanitm. « ^ , 
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QSPYRIGHTED BY 
PONTJ AC MOTOR DIVISION 

Figure 48» Crcfis Seotion of'Diatributop* 
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FiguM *i> Br«ak4r Plaf and. Atta^itig tarf. 
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A - NO CONDENSER IN PRIMARY CIRCUIT 




CONDENSER PROVIDES TEMPORARY 
PLACE FOR. PRIMARY CURRENT TO 
GO, REDUCING ARCING AT CONTACTS. 



B - WITH CONDENSER IN PRIMARY CIRCUIT 

Figure SI, Conaenaer Aotion* 
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SimXER ASSS^&lf^ FZGUHS 49, W« Mid tht coil 09«rtt«t 



of th« coll. Tho broAiCtr pointt in tho distributor provido 
this oMn*. Th« ass«»bly censlats of the, breaktr piate, breaker 
point ti COtt tact support and coiidtiisar, fl^gur* 49> A braaker 
caa la drivan by tha angina. It la on tha diatributor shaft* 
Tha can haa lobas (th| s^na nuobar as thara ara cylindars 
in tha angina). Whap tha cam rotatas, aach loba pasaas under 
tha breaker point rubbing block. This separates the contact 
points. A high voltage surge is produced In the secondary 
winding of the coil. With every cam revolution, one spark 
will result for each cylinder of the engjrne. Remember that > 
in a four-stroke cycle engine, each cylinder fires every other 
revolution. Therefore, on this type of engine tha distributor 
shaft rotates at one-half the engine speed. 

CONVE^JSE?. Tne condenser in the primary ignition circuit 
prevents arcing at the distributor breaker points when they 
begin to open, this Is because the condenser provides a place 
for current: to flow until the points are safely separated. 
The action or the condenser requires special- insulation between 
two foil sheets, figure 50. These foil sheets store current 
flow and bring tt to a quick controlled stop, figure 51. ^Clchout 
the condenser, or "if the condenser falls, no standard automotive 
ignition system would operate properly. The reason is that 
without some means of preventing arcing at the points, most 
of the energy in the coll would convert into current. This 
would flow across the points. This causes the points to hum 
and prevents the coll secondary winding from producing the 
high voltage surge required. 

THE HIGH 'VOLTAGE POETIC!: OF THE DISTRIBUTOR. The cap, 
rotor, and high tension leads carry the high voltage surges 
from the coll to the spark plugs. This must be done in the 
correct sequence. This part of tha distributor is part of the 
secondary ignition system. The secondary circuit starts at 
the secondary winding of the coll. A high tension lead from 
tha coil is connected to tha canter terminal of the distributor 
cap. From this point it continues through the cap to the 
rotor. The rotor is actually a revolving switch which rotates 
with the distributor shaft. It delivers electricity to the 
proper spark plug each tlna high voltage is Induced into the 
secondary winding of the coll. 



CE^TMPJOAL ADVASCE mmAMI^t BmBE In ordat £or 
tha angina to function proparly, tiaa Ignition spark must occtir 
at tha proper cylinder at ttm exact tlaa required. This is , 
attgina cimlag. Vte k&ev ch*c tha ignition sust b« tinad corractly 



larkinga on either angina f lywhaal or the crankshaft pulley 
fluat align with a stationary pointer at the Instant that the 
plug in the number one cylinder fires Correcting the timing 
la done by' loosening nd turning tha distributor in its mounting. 




whan tha 
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Fi^urs S2, Advcnae Weights Installed. 

However, the correct Instant for introduction of the spark 
into the cylinder depends upon a number of dif::erent operating 
conditions such as different engine speeds and loads. For 
example 9 the spark must enter the cylinder earlier at high engine 
speeds so that the mixture can ignite and r'.eliver its power 
^to the piston. Therefore sotne type of device must be installed 
CO vary the spark timing for differe-it engine operating conditions • 
There are different types of device *i used to vary the spark 
tiriing.. The centrifugal advance rrfichanisn, figure 52, advances 
the timing at high speeds. This type of advance consists of 
cvo weights that throw out against spi'lng tension as engine 
speed increases. engine speed incre^^ses, the breaker cam 
is caused to move ahead or rotate with respect to the distri- 
butor shaft. This causes the cam to open and, close the breaker 
points earlier ;t high speeds. This type of advance operates 
entirely by engine speed. It will advance a certain amouri^ 
at any speed above idle. The timing of the spark to the cylinder 
varies from no advance at low speeds to full advance at high^ . 
speeds . 

VACVVM AD'A:JCE :4ECHANISM, figure SZ. consider conditions 
other than Just engine speed to ^ime the spark at the cylinder. 
Although the centrifugal advance mechanism operates entirely 
by engine speed, and will advance a certain amount at any 
particular speed above idle, there are times when additional 
spark advance is required which cannot be furtfished by this 
device. Fot example, many times a spark advance must be baaed 
on the «Kgin« Intaki manifold vmctran. To provide for thle» 
a vacuum advaace mechaalam, flgura 53, la lnetalle4> Thera 
are tyvee which ar« installed to rotate the distributor housing 
< In this type the housing most be frse to rocat* itt its mounting).; 
Other types rotate the brsaker plate only with respect to the 
r«nilA4ar of the distributor « Xhli type moves the breaker point 
against the direction of shaft rotation so that the rubbing 
block msets the cam earlier In the cycle to provide advance 
timing « 
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Figure 63, Vaauwi AdvaHoe Meohaniam, 

The vacuum advance mechanism consists of a spring loaded 
diaphragm connected by linkage to the distributor housing 
or breaker plate. The spring loaded side of the diaphragm 
la airtight. It is connected by a vacuum passage to an opening 
In the carburetor. Because of thk position of the opening In 
the carburecor, when the throttle Is In the Idle position 
no vacuum Is In the passage. However » vhen> the throttle la 
moved to part throttle position^ It swings past the opening 
of the vacuum passage. Intake manifold vacuum can then draw , 
air from the airtight chamber and cause the diaphragm to be 
moved against the spring. When this occurs, the motion of 
the diaphragm causes the distributor to rotate In Its mounting 
or the breaker plate to rotate (whichever the vacuum advance 
operates), and the contact polncs are carried around the cam 
to the advanced position. Spring tension will return the 
mehcanlsm to no advance when the throttle is returned to the 
Idle position. 

> 

*^The vacuum advance Is a device which Increases fuel economy 
at part throttle position only. It Is very Important that 
both of the advsnce mechanisms operate within the correct 
limits to Insure the best engine operation under all coiadl^ons. 
Oft sons later model englnee , full vacuum tdvmacm at Idle 
. j»C£}^, This la to l^rove the operation of the engine , at 
^e^ It ts donOl ttkia$l iiettkm wmHtM rwcwm M belov 
the throttle plAtmT On this type of anvneatlofi the vacuum 
line ta thft vseitus aiivwifie ae<^aalsa Mtet be AiMotm^m&tmi' 
wfaea tlslag the Ignition. 

tgnltlon Wiring j 

Ipiltloii wires used to connect the varloue perte of the 
iClitio& system ere of two types. Theee ere the vtimgy mi4 
Woadary tflrlag. 
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PRIMARI WIEING, Ttm prlatry circuit i< .d««ifn«d for 



SECONDARI WIRING, Th* high ttnslon wiring, such spark 
plug iMds, eaa b« A small«r eoadactor. It au*t hava hMvjr 
insulation to pravant laakaga o£ high voltaga. Tha wiras must 
be abla to withacand haat, vibration, abraaion and oil. If 
watar or duat antars any crack in tha .inaulation, an alactrical 
path Is forsad/ This partially grounds tha high tension voltage 
and tha spark at tha plugs will be weak. 

TVItS Wiring, Automotive Ignition systems during operation 
produce certain high frequency electrical signals. These 
signals can Interfer with the car radio and nearby television 
reception. Practically all Ignition systems, therefore, .incorporate 
some form of resistance of suppression to eliminate thia undeairabla 
Interference. One of the most common methods of suppression , 
is the use of<> secondary ignition suppressor cable. It is 
commonly called TVRS cable (television-radi6 suppression) . 
TVRS cable consists of a braided linen nylon core impregnated 
with carbon to form a conductor. Wire pins are used to connect 
the resistor cable core to the terminals. This type cable requires 
good service proiredures so as not to damage the cable. 

Spark Pl^gs , ' 

The only purpose of the spark plug is to create a spark 
to ignite the air-fuel mixture in the cylinder of the engine. 
If t^e spark plug does not function as required, all other |plts 
in the ignition system will have worked for no purpose. The 
spark plug must be* able to function properly under many various 
conditions. The plug must also be able^ to withstand repeated 
terrific combustion pressures. 

gONSTEVCTION OF THE SPARK PLUG. The spark plug, figure 54 
consists of the shell as8eiid>ly, core insulator assembly, terminal, 
upper sealing gasket, lower sealing gasket, center electrode 
and ground or the side electrode . It fits into the cylinder 
head. The two electrodes, separated by an air gap, create a 
spark between them for combuation. 

SPARK PLUG HEAT RANGE, Tha term "haat range refers to 
the classification of spark plugs according to thair ability 
to transfer haat fron tha firing and of tha plug to the cooling 
ayatea of the tfigina. Varylaf ta«p«Tatur«« in tha conbuation 
^haa^ri of 4iff«r«it anglaia o^^tfark plait of diffarcnt 
haat ranges nacaaaary. Ttw rata of beat transfer la controlled 
aatoly by tha diataaca batiiaaa tha faakat aaat and the laau- 
lator tip, figure 55. Younuat select tha proper haat range 
irtian replacing spark plugs In the vehicle. 
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Figure 54; xyp'iaal Spark Plug 
Cutaway View, 




I HOT zwea^tti scoto 



Figure S$, Seat Rcmgae of - 
^park P%ug» 4 . 

TBBEAD SIZE AND RSACB, ^.n also dMljntd in several threaa 

•iaas ' and "raachas,*^ figure 54/ Tbn ^lie diitstice 

betmn the gaekac teat and the end of the ah^ll. Thread 
•iae la the diaiaeteT of the threads aeaeu^ed in ailliaetcrs. 
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Figure SB* Pow^f Hp Plug In CombuBticn ChGsnber, 

POWER TIP PLUGS, Power tip ^IUg« ar*' d«iign«d to d«llv«r 
peak performance and economy In high horsepower engines at 
all «peeds. They are original equipment In many leading makes 
of automobiles. On this type of plug, the Insulator tip protrudes 
farther into the combuaticn chamber, figure 56. At low speeds, 
the projecting tip is in the thick of combustion as shown 
in A, figure 56. There it gets hotter quicker, and atays 
hot to burn fouling deposits away clean. At high speeds the 
projecting tip is in the path cf incoTOing air-fuel mixture, 
as shown In B, figure 56. There it stays cooler to effectively 
check any damaging praignitlon. This type of plug actually . 
serves as both a hot and a cold plug. 

VOLTAGE AT SPAEK PLUG IE?:H:iAL3, FIGURE 57. The direction 
of current flow through the coil has not been studied yet. It 
trust be discussed briefly now. One of the major causes for 
the engine to be hards tart ing cr spark plugs to misfire under 
a load is reversed current flow through the coil. This is 
called reversed coil polarity. It results from hooking the 
ignition coll lead wire of the distributor to the wrong side 
of the coil. Voltage at the spark plug terminals should always 
be negative . Whether it is or not depends on how the primary 
leads are attached to the coll. If positive voltaga is supplied 
to the spark plug terminals, It would take mbre voltage to 
luka current jump the gap between the electsedes a»' shown 
in A, figure 57. Remember that electric current is the flow 
of elactrone from negative to positive. Electrona will move 
from a hot center electrode to a coldejr ground electroda at 
a lower voltage, aa shown in B, figwa 57. With incorrect , 
volsrityt h»fe«#t c«ftta« «Uctw>d* baco»«« ppslti^ charged. 

the gronad electKoda, «hich is coolar, and mav to the poaitlta 
(Aart^ •l«ctro4e, tjie 

hi^ voltaga. Tha FrlMry tswmlaala o£ ^ fi«il ahould- 

polarity of the battary, as shown in C, figuift 37. For a 
ti«gativ« ground ayatass, tha + tananal of the coll la* connected 
to tha battary aide of tha ignition, syataa and t)ia - terminal 
to the diatribtttor aid*. , . i 
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20 TO 40% MOK mTik6€is mmB 

WITH H^M^ mAiliTY 



VOLTAGE 




HOnEK 



ELECTRONS WNI MOVE 

FROM A mi 08IECT 

TO A COLO OSIECT AT 
AlOWER mTA^ 

B* SPARK PLUG TIP 



ENGINE RPM 

A - VOLTAGE REQl/IRED AT SPARK PLUG 




DISTRIBUTOR 
CONTACTS 



- CORRECT (NEGATIVE) 
SPARK PLUG POURITY 
WILL RESULT IF COIL IS 
CONNECTED CORRECTLY. 



SPARX PLUG 

+ 



THE PRIMARY TERMINAU OF THE COR. SHOULD 
M CONNECTED SO THAT TUI. POLARIH MARKINGS 
CORRE^fmO TO THE POLARITY OF THE BAHERY. 

C * CORRECT COIL COMHFCTIONS 

Fi0urt 67, - Coil ?oUapity» 
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t«n^r4tor furnifttiM th* aourcft of volCAt* aad currtnt for 
th* ignicion sytMm. Uha^ tho contact poittti la thm distributor 
•r« ciosttd, th« ignition coil priaar^r winding it coimtetad to 
th« bAttory or gM«rntor. At chit clat t mgnstic fitld buildt 
up within tht coil. At tht contact points op«i (thty art opanad 
and closad by a rotating cam on tha diatributor shaft), the 
magnatic field collapsaa end aanda a high voltage surge Into 
the secondary circuit. This surge must than be directed to 
tha sparic plug In tha cylinder ready to fire. Thia is dona 
by the distributor cap end rotor. Other devices are Installed 
In the Ignition system for proper operation. Ihaae are the 
condenser. Ignition resistor, Ignicion switch and smmeter. 
The Ignition system would not function properly without a 
condenser, tha condenser is connedtad across the contact 
points CO provide a place for current to flow until the contact 
points are safely separated. This prevents arcing at the 
contact points. An ignition resistor is installed In the ignition 
system Co Improve ignicion performance. The ignicion swlcch 
provides a oieans of manually opening and closing che primary 
clrculc . The ammecer measures Che f Iqw of currenc In Che vehicle 
eleccrlcal circuit. 



Mote: Ignicion syscems may vary in design and conscrujcclon 
of Che various components. Tha operaClng principle is Che 
same for all baccery Ignicion systems. 

SERVICING THE BATTERY SYSTEM COMPONENTS 

The spark chac Ignlces Che fuel-air mlxCure in Che cylinder 
muse do so ac che exacc Cime with jusc che righc volcage. 
This spark does noc jusc Appear. Ic occurs became eleccriclcy 
goes Co a coll whlch'conyerCs low volcage Co high volcage. A 
timing device (distributor? then directs the spark to the right 
apark plug at the exact instant required in Che cylinder. Because 
of the exacting nature of the Ignition system, the system must 
be inspected, tatted and serviced regularly^ to maintain this 
near perfect action. 

Inspections 



IT o ^" , 



Fariodic inapactions oust b« made to determine tha extent 
of wear or datarioration. Oparating con4ition« will dattmina 
the axMC of %mme 9T 4«€#vioc»tioR. Optratinf eo&ditlona will 
datandna tha tiaa that Intpactioot will ba mada. For axai^la, 
dutc sod apittttra aay eraa axeMfiin waar* * tha beat atturanca 
of obtaining tha aaxlawB aarviea with th#,ainittum trouble 
from ignition tyttemt it Co follow a regular inapaction and 
a ain ta nan ca p r ocaduri . Xsspaetioa of tha edntaet points, 
advance machanitmt, conafctiont and cablet, dittributor cap 
and rotor, it very aataotial. The contact point t thould ba 
aK a minad for bussad or oaeidiaad ai^d'^pittad conditions. High 
tanaion wiring rtiould ^ checked for the coddition of the 
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iatuUtlon and el««iltM««* ^ dittribucor 09 • rotor, and 
eoli trnfton t*miBftX thettldS* Axftttistd for oarboft 



* 



Distributor Lubrication 

Th« dittrlbucor ro^ttirM lubrlolitlon At tpoclflc tlM 
Incorvftlt. Th« discrlbucor «h«ft la lubrlCACftd by a varloty 
of Mthodt. Always rafar to tha applleabla ptiblicatlona for 
lubricating procaduraa. Tha l>raakar cam la alto lubrlcatad 
In a variety of waya and tha lubrication procaduraa^j^ad aa 
glvan by tha manufacturar. 

. Noca: Avoid axcaaalva lubrication. If too much oil la uaad* 
the excess nay gat on tha contact points and causa rapid 
burning of points. This Is one of tha most eotamon cauaaa of 
contact point failure. 

Reasons for Ignition System Failures 

Ignlclon system failures can be grouped Into three categories. 
The three categorlea are as follows : loss of energy In the 
primary circuit, loas of energy In the secondary circuit, 
and out of time. 

?5r;:-i.-J S'lSTrj FAIZVRE, Thera are several conditions 
which may caxise this failure. .It may be due to defective 
leads, bad connections, burned contact points or switch, or 
an open coil privaary. Also, it may be caused by a discharged 
battery; aefective generator; points improperly set; defective 
condenser; or a grounded primary circuit in the coil, wiring, 
or distributor. 

SECONDARJi SYSTEM FAILURE, Thla category may also have 
several conditions which may cause the failure. Fouled, broken* 
or improperly adjusted spark pluga will causa secondary systeA 
failure. Also, high tension leakage, caused by such Items 
ac defective wiring, coll head, distributor cap, rotor and 
connections will cause secondary system failure. 

TIMING, The timing may be affected by not being set properly, 
worn distributor shaft or bearing, dlatrlbutor ahaft bent, defective 
vacuum advance, defective centrifugal advance, plugs of the 
wrong heat range or fouled plugs'. While the plugs have nothing 
to do with timing, they may causa pralgoltlon. 

TEST EQUIWOT FOR TESTIHG ISHITIOK SYSTEM COWOHENTS 

B«caus« of tha effect that an l^ro^f functlonlxig Ignition 
aystim haa on tha operation of tba asgiaa and tha axaettng 
n!(ture of tha Ignition ayatea, teat InatnuM&ta should ba us«d 
whan servicing tba Ignition syataB. iyaa though ignition 
system failures era groupad into three c«tagorlas, and certain 
checks can be made to IsolatA- the ^trouble without the use 

of test aquipa«it» careala ignition aystaa units should b« checked 
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FigvcQtt S8. Typioat Normal Operating 
Ignition Syatem Cyola, 

Th« o»clllo»cop« bMlcally pictures on a viewing screen 
the Ignition system voltage conparcd cd time. Repetitive 
cycles, as occur In the Ignition system with each firing of 
the^spark plug, are traced on a screen In the fona of a pattern. 
If the^ basic pacxsm, figure 58, ii known*, any deviation from 
this pattern can Indicate malfunctions In che system. The osclllioscope , 
therefore, Is used as an excellent diagnostic tool to s^ot 
troubles that are occurring within the Ignition system. The 
oscilloscope method of circuit checking has proven to be a quick, 
highly reliable method of determining Ignition system proq^ams 
and their cause; Since many different models of Oscilloscopes^ 
are made, your Instructor will give you another study guide /workbook ^ 
on th« particular model that you will use In this block of 
Instruction. ^ 

Testing the Distributor ^ 

When iodklng for causes of trouble, the' distributor la ^ 
the heart of the engine. It must have careful and minute ' 
inspection. Thar* are several fundaaental tests whi'ch must 
be made on a distributor to find If it Is properly performing 
Its Job. The dist?ributor is removed from the engine for certain 
tests. SoBM teste ^f«n be siede with the dlsttibutor installed 
on the engine. Ther« are several dif Cerent maius sad models 
of distribtttori. tl^^fm* <^ iafocMtioa cos^^ 
teeta sad the ae^e^ J^f mtfctiif th* mte suat b« vmty'wtaml 
^ asture. Vh«t « ^tribtttor i« being earvlMd, refer to th« 
factory pr^eaduret and aitoeifieaeioni for the specific distributor. 



ADVJUKS HSCSANZSN, AithfHuh the ad v aa ce 
be -checked for freeaees by turaiat the breelcer cem by haad 
la the directioa of rotatioa fad thea rdleaeiag it, this oaly 
cheeks for fresaess. Xt doss givs iaforastioa on the \nj 
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|fr :.-.4» M.eh It optTftt^s* Id obtalA thU lft£«cafttiaft| dift€i^b«teT 




for tMtlas eh« etntrlfugal «dv«iic«, which rmta to spMd oaly* 
f9t t«ttiag cht vftcuun advanct ntehaaitn, th« eeatar oust 

bia appllad to tha iracuum advaaca wachaalam* Thaaa two advaaca 
aachaalaaa ara carefully chackad agalBst aaitttfaeturar*a apacifieatlena 
to find If tha propar advanca eurva undar all oparatlng condlelona 
ia obtainad. 



Noca: For propar procaduraa uaad In taatlng, alvaya rafar 
to cha appllcabla publlcatlona. 



ACTUAL POIHT OPe«NG .021 




.016 KELER Gauge 



Figur9 59, Inaoaurat9 Gauging of Bough Points, 



COfriACT POINT ADJUSTMENT* Thara ara dlffarant mathoda of 
chacking point opanlnga. Maw pointa can ba chackad with a wlra 
gage. Navar uta a flat faalar gauga* aapaclally on old point i. 
Uaing a wlra gaga allminataa tha poaaiblllty of an Incorract 
gap bacauaa of rough pointa » flgura 59.' Point opanlnga, naw 
or old/ can ba chackad with a dwall natar. Thaaa mathoda 
4f« uaad with tha dlats^tov ^^ihm vM«la« Sowavar, a 
prai'arrad Mthod. of chacking polst opwlai of iiMd eoiitadt 
points la by placing tha distributor in tha dlatrlbutor ^taatar , 
With tha diatribtttor laatallpd la tha taat^t attach tha dwall 
Mtar corractiy. Adjuat tha con^taet pointa althar by looaaalng 
tha lock acrav and turning tha aceai^tric acrav, flgura 60, or 



*^ itsing a f*{tax*^ typa wraach to tuni tha j^^^^^^^^^^ 
'flgura 61, to apadflad Halta.' Tha advaataga of .uaing a 
distributor taatar la that It not only aaaawraa caa angla 
9X idMaXl, but it alao uacovera irragulatitiaf batwaM ca» 
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Hgur9 80 1 Setting Point Opening, 



WINDOW 
i-'I^EX" TYn 

WAENCH 




Adiutting Owail Angb 

Figure 81. Adjusting Dutlt AngU, 

lobM, point bouae«, 4llgna«nt cf rubbing block with can, 
aligiuMat of contAct* and brMkar am spring tanaion. 

T * 

ft ..... 

COSTiCI FOIST Bmz, MU U (te pmtiod during vbl^ 
tha. dlatrlbtt£or points raaain cloaad for aadi ^lAltlon cycla. 
Tha w€«v alactrlcaUy iMMwaa m« period and r«giit«ra 

Clia «vara«a lor a^ch cyliadar in ^amit of dagr*** of diatributor 
cm rotation. Iha total nuobar of dagrw for aach ignition 
eyela la 360 dagraas diyidad by tha nunbar of cyllndars. 
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Six- CylindMT Shewn* 



SMALL WELL^^^y^"^ 



WIDE GAP 




URQE DW6U 




OtCmyE DWELL 



FlguT9 6S, EffaotB of Point Gap On Duett, 



Flgurt 62 thm 60 d«sr««» (b«tw^ dotttd llttta) for Aach 
cyUndar of a alx cyllndtr aoglxM and 36 dagraaa (eha abadad 
*J?, dvall. Flgura 63,ahova chat -a wtdar point aattini 

2iii™¥i^i: <N.U aad^* clow polat mtiM$ Ml lacrlai. 

troubXa totili ba Incortact polat apAclag, dafactlva point 
r«bbl|i« block or braidwr «m,. «la«llfBad or wdm diatrlbutor 



DS^I VAPJATTOn. IHmU variation la dacarminad by noting 
any d\mlX changa aa tha aiigina la ot>eratad at dlffarant apaada. 
Excaaalva variation indlcataa a changa In point opaning that . 
can raault from ihaft or buahing waar or loosanaaa. Ganarally 
^•MudfetAA ilTiial 1 ahoiilil aaC ^Mk¥¥^ ii^tf^ fckm rtiraa A^a^faaa Hatiiaan 



thTM (ittgrttts, phe distribxitor should then be checked niore 
choroughly on che distributor tetter. 




CONTACT AtCA 
CINTttfO 



COVIICT AUONMINT 



CONTACT AttA 
NOT CEHTfilEO 



MISAUONAMNT 09 CINTIU 



cCT^rrxcT AREA 

NOT CEHTEt£D 




MMUaMMINT OP KNNT 9MII naf*i 

HauTB 54, Breaker Point Aligrj^env. 




Figure 8S. Aligning Breaker Points. 





/igur€ 55. C^taet Point 




'igure 67'% Diatvibutor Lead 

r t iiiai AT mOMT AMOLP WITH 
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Fig^ 99, Cheeking Bumak^r 
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CGa^AGt VOiSf AtlGmmiT ASV PSPMCSMSltf, tit* eoatcct point 




•ui|f«c«« m»j$X vMt tquarslyV figor* 64. tto« « point alignint 
co<iL CO ehft p^lnt emCAUfi MatiAMn* fiatirn-ftS. if ntr^f rTi 

Corjrocc AllgnnMat by boading th* fixad contact Support only. 
Hovnr bond tho broakor lovort Boti|^ eontaetn ntkidi nro groyl«ii 
In «olor h«v«^ « grootor art « of eontjftct thon now cootncco ; 
and will provldo sntisfactory. Mrvlco until most of the tungston 
is worn off. Pittod or tronsforrod contacts la a normal condition 
and should not nacoaiarlly b« raplacod unloss tha transfar 
of natal has axcaadad .020 inchas, flgura 66. 

Caution: On some makas of distributors, b« sure to obsarve 
tha location of condansar land, priaary laad, and tha plata 
ground load, fi^ura 67. Laadi aoat ba ptoparly locatad to 
aliminata land intarfaranca batwnan cap, wai^t baaa, and 
breakar advanca plata. 





Figure 69. Adjusting Sraaker Point Spring Tension, 

\ 

BREAKEF POISt SPUING TENSION, Tha contact point prassura 
is chackad with a spring gaga, figure 68. fixcassive spring 
prassura causas rapid rubbing block, caa, and fipint waar. 
Too waak a spring will parmit high spaad point bo^inca and causa 
arcing and burning of tha points. Mota Uiis condition whan 
using tha tastar and obsarving tha firing patcam at^diffarant 
spaads. Whan naking this chack, tha spring gaga should^ 
hookad to tha braakar novaabU point. Exart tha pull at ia^ 
angla of 90* with tha point surfaca. Haka tha raading Just ^ . 
m tHa points a^araca. ntttmmat typM of bxvter weiMt* 
will ra^va dilf««*«€ canaioAa. Alway* rafar to factory 
•p^ificatiena. tl tha tanaion la not within apacificationa, 
looaan tha seraw^ that holds tha and of tha spring snd slida 
tha aprlng Md in or out as naeaaaary, flgura 69. Tig^tan 
tha acrair and racfaack spring tMaioa. 

Mota : Always chack tha spring tansion of all naw points 
Whan Installad. 
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OOPYRIGHtCD 8Y 
PONTIAC MOTOR DIVISION 



Figut& 70, Timing Marks and Pointer, 

IC'SITICN Tr-nyC, In a prevlou* lesson th« timing of 
in engine was dlscuased. The engine must be timed so^ that 
a spa^k reaches che cylinder that Is supposed to £lre at the 
exact time. For this the contact points must be timed to 
open and close In proper relation to the piston positions 
In Che cylinders. The previous leeson explained the different 
timing procedures. For example, many engines have a mark on 
the flywheel or dynamic belancer which allgpe with a atatlonary 
pointer when number 1 cylinder Is ready! to fire, figure 70. 
At this Instant, the contact points should separate. Various 
methods of checking the position of the points at this tlnii 
are used. A test lanip hooked across the points will indicate 
this. Loosen the distributor In its mounting and rotate the 
distributor until the points just open with engine positioned 
properly. Another method is by using an Ignition timing light* 
The power for the light is obtained from the engine battery 
or a 110-volt source, depen4ing upon the light being used. The 
light flushes are triggered by the number 1 spark plug. With 
the engine running, the light flatfhee Mke Che flywlieel or pulley 
i«ea CO be scatlonAry. This ellowe for Che cioiiftft co be obeerved. 
iftgiaie ttiiiag the veeuuB adveaee wnmt Hcve die ymemm Usm 
disconnecced when cheeking the timing. Correct tiaiag by 
rotaclat the discrlbucor is ics nouncing che tsM m «lwa che 
lighc was used . 

tuition Con Tests 

- Coil Cescers are cvailable in moac repair and ceedng ehops* 
liOmmvit coil pex^ormttce la eui^cced as che eauM of crooble, 
the coil should bi tesoid according Co aeftttfaeturer*e rec rnM e nrt eCioB. 
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A coll lacondAry continuity tot Is ntdt to xbtek for op«it, 
shorts, or sxctssivs rsslstanc* in tht sac^iary wlndli^s of 
ths coll.' A coU capacity tast datarmlnas^bathar or not 
tha coll has suffldant output. 





Xo tast tha cond^naar^ a g0Q4 condanaar tastar muat ba 
usad. A good condanaar tastar shoald ba able to tast tha 
ccnd^jar for InsuXatlon braakdownf low Insulation raslstanca , 
high sarlas raitlstanca and i^apaclty. thasa conditions w^ll 
all affect Ignition perfon^ce. The procedures for making 
these tests are covered in the applicable publications. Because 
of the different types of test equipment. It Is very important 
CO refer to the applicable factory manuals for these procedures. 



Spark Plug Cleaning and Testing 



It has been mentioned previously just how Importanc tha 
proper plus snd Its condition is for the efficient operation 
of Che engine. It will also be shown in a later lesson how 
the plug condition will indicate different troubles within 
the engine. Therefore, remember that the inspection, cleaning, 
and testing procedures are very important. 

FH'IOVING SPAPK PLUGS. In most cases ^ the correct procedure 
for rar.oving the plugs Is not thought, of too seriously. However^ 
being careless when removing the plugs nay cduse serious troubles. 
After the ignition viring has been removed, select the proper 
size deep socket. Improper wrenches are often the cause of 
spark plug insulator breakage. The plugs should each be loosened 
tvo complete turns. This action will loosen any dirt around 
the base of the plug. Use a blast of compressed air to remove 
this dirt to prevent it from falling into the combustion chamber 
when the plug is removed. 

Note: Place each spark plug in a suitable holder in 
the order of removal. 

VISUAL X^lSPECTIOiV OF SPARK PLUGS. The plugs should be 
checked for cracked Insulators, worn electrodes, etc. Tha 
plug gasket should be checked* If It is not compressed, it 
could mean that the plug was not proparly\tlghtanad whan Installed. 
This could cause excessive btimlng of the electrodes and overheating 
of tha Insulator tip. If tha gasket Is distorted, tha plug 
has baen tightened too tl^tly. This may causa strain on tha 
steal shall. Tha gasket should ba approxlauitaly ona-half 
coBprasaad and show a class* a^an turfaca. Tha spark plug 
whaa oparatad undar notnal eonditloiia a}iouX4 have only a few 
dapoaita which will be light ta& or gray In color. Tha alactrodaa 
will not ba burtiad. Tha gap should not show a growth of Mra 
than about O.Xl'* par 1,000 alias of operation. Tha spark 
plug aay hava aavaral appaarsncaa which ara cauaad by dlffarant 
troublaa In tha angina. 
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Figure 71. 5parfe Plug Conditions, 

Gap Bridging- Ga^ bridging, figure' 71(A) , may be traced 
to flying deposit* in the 'vcorafeuetlon chamber. In a few cases, 
fluffy deposits may accumulate on the plugs during in town driving. 
When the engine is Suddenly put under load, this material can . 
melt and bridge the gap. , 

SaoDrnger Depoaita. F«el scavenger deposits shown in figure 71 
may be white or yellow -^in color. This may appear to be harmful, 
but this is a normal appearance with certain brand fuels. Such 
materials are desitned to change the chemical nature of deposits 
to leeson misfire tend«neles. ^ Hot'lce that accurailation on the 
ground electrode and shell aireaa may be unusually heavy, but 
the material is easUy cleaned off. Such plugs arf normal 
la condition and'canbe cleaned wfth standard procedures. 

Chipped Inautator^ This condicloa 1» •homi la figure 71(C). 
U uaually result* froa twidlftg the center electrode during 
tumUm of the plttg. HcritT c«tt»ln toMtiSaaM, sevtre d«toii«feloa 
cS^SsTsplit the SsttUtor firing end. The «•« ^ replaced. 

PvignCHon Dcna^, Pr«lgnltlon doMfS, flgur* 71<D) 
If caused by excessive twrperatures. They produce melting of 
' &im center electrode Wd, iwwrtwt later, ttm ground »l*etre*e. 
Ineulators will appear relatively clean of deposits. Check tor 
correct plug heat ranga, ovar-advancad Ignition timing and alnllar 
Mtaona for ovarhaatlug* ,^ 




Cold Fouling^ Cold fouling, or ctrbon fouling, figurt 71(E), 
show* dry, black app*mr*nc« o£ on« pr two plugs In ik, »«t. 
Chtcfc for itlciclng tsIvm or 'b^ ignltloxv l«*d#. fouling of 
th« ^MUir* ««t «ay b* cnu«^ by a cldgiid Mr cU^r,, § stlcklft^ 

._. - 

ChJ9vh6ating , Ov«rh«atlng, figure 71(F) ; 1» indicated by v 
^9. daad white or gray iaeulacor <^ich "bliatarad." Elactroda 

gap waar rata will be conaidarably In axtaaa of 0.001" par 1.000 
nilaa. Thla may suggest that a cooler heat range ahould be 
used. However, over-advanced ignition timing, detonation 
and cooling systeta stoppages can also overheat the correct spark 
plug. ■■ 

CLSA::I:-:G TIJS spark plug. Remove the old gasket before 
cleaning. If the plug has an oily deposit on Che firing end, 
it should always be degreaaed before cleaning with abrasive ^ 
in a plug cleaner. Degrease the plug by using euiteble solvent. 
Then dry. When the plug is prepared for cleaning, the plug 
should be placed in the cleaner adapter of the correct sire. 
The abraaive blast should be applied- Wobble the top -of the 
plug in a circle while applying the blast. This will properly 
clean the insulator tip and electrodes. The extent of cleaning 
time should be only that which is necessary to clean off the 
deposits on the insulator nose. Use an air blast to renove 
.the abrasive remaining Inside of the firing end. The threads 
should be cleaned by means of a vira brush. 

DPSSSING THE 'PLUG. When- the plug has been cleaned and 
before the gap is set, it is very iapcrtant that the electrodes 
by dressed down to produce a flat, parallel surface on them. 
This removes oxidation. Also, a flat, paraO-lel surface resists 
growth better, requiring less voltage to jump the plug gap. 
" The plug is dressed by filing the electrodes with a thin point 
file or mail file, figure 72. 




to 
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Figure 72. Filing Spark 
Plug SU<strod«B* 
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Figure ?Z, Setting Spark Plug Gap, 

SETrrJG THE PLUG 7AI^, FIGURE 73. Setting th« gap on 
the plug correctly is very Important. :;hen setting the gap, 
the center electrode should^ never be touched. Always bend 
the grounded electrode, figure 73, either toward or away from 
the center electrode. A wire feeler gage is used to measure 
the gap between the electrodes. Always refer to specifications 
for correct gap setting. A slight drag should be felt when 
the faeler gage passes between the electrodes. 

TESTI:JG the spark plug, when the plug has been cleaned, 
inspected, and gapped, it is now ready for testing. However, 
if any defects were found when inspecting the plug there is 
no reason for testing it. In other words, the plug should 
be thoroughly checked visually. If no' defects are found it 
should then be tested. The tester should be used accordingly. 

Note: Never assume that bench testing the plug simulates 
the compression pressures that the plug will be under during 
engine operation. Because of the variables, the bench test, 
while useful, cannot be measured by any specific PSI readings 

. IJISTALWIG PUJGS, The gasket seats In jthe cylinder head 
m^t hm clMft -to umxm proper mUag and Imt ttmmdMm, 
fOMiiever pmi^U, om- fMl»c« siwuU b« the epsziE 

plug should be seeted «ito the gasket by hand. Then tig^ttt 
to the prepsr specifications . When the plugs have been ins tslled 
eorrsctly, eooaect the cable teraioals. 
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Hotc: Fallur* to inttmll plugs prop«ti7 «1U oauM tfem to 
op«t«t« «t •xeM«lv«ly hlfh t«nv«ratur«s mi tmmtlt in r«duetd 
09*rftti^ llf* iin4^ ^r«clra or coipltf d ^rt a ct i on 




Suflwary ^ 

Although th« above Information ia vary brlaf in natura, 
it ahould ahow tltat ttiara ara cartaln taata to ba aada on tha 
.Ignition ayatam to kaap It In paa)^ operating condition, tha 
oathoda for making tha taata will vary on dif farant units and 
taat aquipnant uaad. Tha atiidant workbook will glva stap- 
by-atep prpcaduraa on certain unita. Tha connarcial nanualf 
or technical order sho\ild always be referred to when possible. 

MAGNETO IGNITION SYSTEMS 



CASUS 1Q 



KCONOAffT 




CONlkCT 



Figure 74. A Bigh Teneion 
Magneto* 

The aagnato oechaaically generates electricity by electromagnetic 
induction. Tha purpoaa of the magneto ia to take the place 
of the battery Ignition ayatam. The magneto ia uaad whan apace 
ia ri**f^j "^^f^fc ^ ^ laportant factor, and dapandabillty 
la tha fliat conal4«r«tlett. It la a cootaec eeBblnatlon of 
generator, Ipiltlon coll, and diatrlbutor, figure 74. The magnate 
ra^ulxaa no battery . It doaa hasm Ita dlaachraatafaa , Xta 
principal one la that it tuma ao alowly during tha cranking 
of tha anglAO that a hot spark is not produced. Therefore, 
a aupplamsaitary high voltage source nuat' be bad. thla can ba a 
booster oa^ato or a high tanalon c^ 11 to which prlMry current 



ttom «. baccary. Al»o>, mm atpMCpt um an inptslM coitpltr. 
This pro4tic«t high «rsatur« tptsdt at erMklitt tpMds to 
1 hot 




ThrM things are nactstarr to Induce volta|a«an tlaccri<;al 
eaiiduator, a aagnatlc field, and ralattva notion hatwaan the 
field and th4 conductor* In the aagnato, a wire coU la the 
conductor, a paraenant aagnat providaa ^ nagsatie field, 
and the engine provides the^ a|iach«ical energy for notion between 
the field and the conductor. "The reet of zhm operation of thla 
ignition system Is very similar to ^ the battery ignition system. 
Aa aoat enginee require very high voltage at the apark gap 
in the cylinder, a device must be Installed to raise the low 
voltage induced in the conductor (primary winding) to the required 
high volcaga. This is done in the ease way that it Is in 
the battery Ignition coll. To make this device work, s eet 
of breaker points is found in the magneto. One end of the 
primary winding Is connected to ground. The other is connected 
to the insulated breaker point. Lobes' on a cam actuate the 
breaker points. The cam is mounted on either the armature 
or rotating magnst. A condenser is placed in parallel with 
the breaker points. When the breaker points are opened, the 
current then flowing in the primary circuit, due to self- 
induction » tends to arc across the points. This reduces the 
speed with which the circuit is brokf«n and the magnetic field 
collapsed. This action is controlled by inserting the condenser. 
The device that directs the electrical impulses In proper order 
to the spark plugs is called the distributor rotor. It is 
usually driven through suitable gearing,, at one-half crankshaft 
speed. The .ntagneto cover is much larger than those used in 
the battery ignition distributors. It contains the contact 
spring and electrode which serve the sam purpose as the rotor 
segment in the battery ignition distributor. In other words, 
the electrode connects the high tension leads to the spark 
plugs. 

Types of Magnetos 

Two types of magnetos are used — those in which the wound 
armatur* rotates, end those in which the permanent magnets rotate. 
The latter is claaaified as en indicator type magneto. 

THE ARMATUHE itOUND MAGHETO, Thia type of asgneto la 
the same as aa alternating current generator with pananant 
horseshoe type field nagnata. Every tine the amatura rotatea 
^o&a^half . turn, on* inpulaa of alaatrieity la gaaaratad* 

INDUCTOB TJFB MAGSETO. Thia la a varUtion of the 
asaatura wound typa. Za thia swgaato the Induetioa coil is 
held stationary arotad the amatura shaft. Two soft iron 
induction places rotate on Che armature shaft, thereby causing 
Ihe magnetic field to rotate around the coil. 
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1.0M Ttnslon and High Tension typ« Nagnttos 

k tnsi<m aft^wto Is ctam vhieh ftotrafiAa a low voXtag* 
tXtcttlc <agg»t. 1^ ^HUExnfi ti uimlly ■fapptd ap hy an 



jpatk ara parforaad by braakae polncs and a dlatrlbutor ayac«m 
iocACad on ons end of cha magBACo. Tha hig^ tanalon laagnaco 
la almllar In eonacrttction to tha \wi tanalon ttagoato,' axecpt 
that It haa tha stap-up coll built Into tha nagnsto Itaalf. 
Tha <roltaga auppllcd dlractly to tha apark pluga la about 
6,000 volta. 

Impulse Coupler 

Slnca Che average engine cannot be cranked fast enough 
by hand co start if it haa an ordinary tcagneto, an Inpulae coupler 
is actachsd to the magneto/ The Impulse coupling must keep 
Che magneto shaft from rotating for a short period during 
which tha spring in the Impulse coupler is being coinprassad. 
Jhe spring is then suddenly released by a latch which Is tripped 
during rotation. The energy stored in the compressed spring 
tension is enough to snap the magneto shaft over 1/2 turn to 
a turning speed equal to 500 to 600 rpm. This will produce 
Che hot spark needed cor starting the engine. 

Note: On most of today's vehicles using the magneto ignition 
system a battery energizes the cranking motor onlv. ^The engine 
does not have to be cranked by hand. 

Booster Coil 

Some units may use the booster coll to furnish the hot spark 
necessary for starting the engine during cranking. An external source 
of high tension current for starting is provided either by a booster 
magneto or by a high tension coll. The primary current is supplied by 
a battery. The coil method is most common. Current from the booster 
coil is conducted to the booster electrode of the magneto. This connects 
the booster coll with tha ma^pieto primary coll when the contacts open. 
This causes a current surge through the primary which produces a rapid 
change of magnetic field strength In the primary. This action induces 
in the secondary a high voltage surge strong enough to fire the plugs. 

Magneto Switches 

The magneto cannot be turned off by disconnecting it from soma 
external source of energy aa In the battery Ignition. This la because 
tha magneto la aelf-anarjlzlng. The method used to prevent tha magneto 
froB preduelag high voltaga aurgaa la to ground th« prlMry circuit* 
Slnca one and df tha prlnary circuit la alrandy grounded, grounding the 
othar and will turn It off. Tha grounding switch nay be located 
according to tha vahicla. 

Maintenance of the Magneto 

Whan magneto failure occurs tha two laost frequent causes ara 
burning of the contact points or condanaer failure. The ma^ato 
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UMtTttctioAv. It li yty tn^rtM wt to ov«toil ttm bMriags^ 
Oil* MS «Uo b% * M^NM ^ witiurn f^^n* 



1. Th« isnltloii tyttM consists of s priasry sfid saooadsry 
miy toss thft o«eoa4«r:f eirettlt Wtriag tttvo ths iiMvUr 

lasttlSeloat 

T 

2. UhAt is ths prlasry purposs of chs icniclon eondonsftr 
in \eht Ignlclcn systsm? 

3. WhoA chs ignlcion points srs dossd, what cakss plscs 

within the coil? 

* 

4. Whst Art th« units which msks up ths priasry circuit 
of th« bsttsry ignition systsm? ' 

5. What aro tha units which maka up tha sacondary circuit 
of tha battary Ignition systam? 

6. Why is tha magna to usad on aona applications? 

7. What inducaj tha high voltaga into tha sacondary 

winding of the ignlcion coil? 

8. What device is usad with the 12-volt ignition'coil 
to control primary currant flow? 

9. What is the purpose of the centrifugal advance mechanisn? 

10. What operates the centrifugal advance? 

11. "Why is the vacuum mechtfiism installed along with 
the centrifugal advance aachanism? 

12. Whan is the vacuum advance effective? 

13. What is the preferred method of .^hacking tha contact 
points? 

•j 

14. How is the contact point pressurs increased or decreased? 

15. Why should tha apark plug ba chackad for raver sad 

polsrity? 

16. What kind of voltage should tha spark plug tanl&al 
lamya haw? 

17. What la tha msaning of tha tarm *'b«at ra&sa" as 
^pllad to spark pluga? 

.18. ilhat is the differisnce batwaan the power tip spark 
plug (and tha standard spark plug? 

; ■ 7. 161 
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open ceatfflAttoa of tHi* joM* m4 foui cUmcomi 
lattcuctloa, you idj^ bm abU to r«A«t« ch« op«rmtlas prlaclplM 
.«&d ■ai&tcna&e* proesdwrM of •tsrttag mtort, ttartsr iwlteh«s« 
drtvM aad elrcttlct; om c*«t o^ulpMiic for toatlng' starttra 
and acartar clrcuita; raaova, inapact» rapair ot raplaca , inatall 
and adjuat acarclng ootora a^d acartlng ayacaa. unlta and obaarva 
appllcabla aafaty pracautloaa. 

INTRODUCTION 



STAir 
SWITCH 




Hgux'e ?i. The Starting Cirauit, 

The « cart Ingsys tan glvaa potter for cranking the internal 
combustion engine. This power la provided by the battery ^ 
through the uae of the •tar ting motor/ or atarter. The starting 
aysxem, figure 75, conalata of tba battary, atarter avltch, 
and Che atartlng noter/ At one t^ cranking of the engine 
was accomplished by hand w^th a al«ple crank. Now the electric 
atarter la uaad on all autonobllaa and.noat trudca, tractors, 
and construction equlpvattt uaing the Internal conbuatldn engine. 
The importance of maintaining the starter -ayatam in good working 
order cannot' be ovattaphaairad 'ainca a vehicle that will not 
start la completely usialeaa. 



INFORMATION 
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STARTING MOTORS 



^ «lactrlc notos la davlea t^t coavarta electrical 
•tiecgy into Bftchanical action. It iMkaa ^laa of C)»rT«at Uow 
fram the battery to produce mechanical movement. The a tar tine 
motor ia a apacUl overload, dlract current mot^r that can give 
a high horaepmr for abort parioda of^tima^only.. ' If It la 
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09«r«tttd itadmt « lo«d for Io&i»r tkm 30 Meosjlf it 
It la cAllAd a direct cumot a»tox 
curr ant flam tteough It ^_m&Xy cm 41r«etioii. 
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PHnclplts of Electric Motors 




Figure 76, 
A Magnetic Field la 
Strongeat at the Poles, 

Kememhei: from a previous lesson chat there is a magnetic 
tield between Che two poles of a tnagnec. This magnetic field 
consists of iiwlslble lines of force moving from the north pole 
CO the sDuth pole of the magnet. Also remember that a cUrrent 
carrying conductor has a magnetic field around it. Figure 76 
shows what happens when we place this current-carrying conductor 
■ia Che magnetic field produced by two magnets. Notice how many 
!hore lines of force there are on the left side of t\k conductor, 
and how few on the right side. There la a strong field on 
one side and a weak field on the other. Thes^ lines of force 
are like rubber bands. When they are bent, -they try to straighten 
out. As they try to straighten out, the lines of force push 
on the conductor, causing the conductor to move in the direction 
shown. 

Instead of a straight wire, a loop of wire will now be 
placed In Che magnetic field pirovlded by the two magnets. 
An electric current Is passed through the loop In the direction 
shown in figure 77. The loop will now rotate In a clockwise 
direction. Figure 78 shows why. At point A, the lin*« of 
force are squeezed together below the wire loop. The lines 
intern u*^ to pvt^^ AC po^t 

7t, thm lisM of forcA at* Mt^^sed tofttlMr abm the loop. ^ 
this tends to pu«h the right aide of the loop dotm. Wh«i 
thMo two foTcw m ««Hblaftd, ch* loop will rotat* in the 
direction thown by th« larg* arrows. This is bssieslly how 

Jtarting aotor rotatei, Any tlsie s currmt-earryiaf conductor 
is Placsd in a magnetic field, the result is noveamit, or action. 

JO 
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Figure 77 l Simp la Single^Loop 
Div9fft Current Motor* 



Construction of the Starting\Motor 




Figure 7d\, !4agnetia Field Pattern 
of\Starting Motor, 



I 

Th« Gonttruccloa o£ thtt itartlng motor 1^ similar Co 
Che single loop mocor shown lA figure 77, The scarCing nocor 
used on auComoclve vehicles cohslscs of the pple pieces and 
field vlnd;Lngs, Che armature an^ comautator ^sembly, brushes, 
end frame. Figure 79 shows a cutaway view o^ a typical starting 
motor. 1 \ / 



TSE POLS PIECES, The magnetic field 1^ the starting motor 

aromd thail ^ 9o1m of cha aaipata «r« ibaUftd palA sliMt. 
The vlra woW aroimd chasa pola aaoas are Icallad fiald windings. 
When cnrtittt 1« flowing chreitgii ttd. €lel4 iflndiAga, the pola 
shoaa baem serong alaetroaagnattf. 

TSE AlWVRE AND COmSUTATOR ASSSMBLXl In the starting 
motor there |Ls more than ona loop of \ wire! Thasa loopt of 
wire ara coi^inad to form the aSMmtu^. Whan a currant is passed 
thtott^ tha ita#tar, it ^s through ^a jUep of^tha 




CRUSH SfRING AmUTVUi 
C?CU. '9ID 3RUSH UOISIK 



Fig:a^-3 73, Starting '■lotov Cross jeo-!:ii-jyi (Xypiaal) , 

This cau.?ca chr: ^mature to rotate. As soon as the armature rotates 
a l^ctii, :i::rer.-. shixts to another loop. The armature then turns a 
lictld 'ora. Tr.is i& vhat causes the araauure to turn. Each end of 
che l:>op3 v;lre is connectad tj a s,-lit ring. ?or each loop of 
wire chsre ii a pair of these splic ri .gs. These split rings are 
called conmutauor segments or comautar.or bar 3. ?ucting these segments 
together a^ke up che comucator. 

jy.'JCHES . Electrical ccnneciion is made with the 
corjnuLato..* through Che use of brushed. Brushes are blocks 
of copper which ride on the commutator. When the starting 
motor is la operation, current flows from the battery to the 
starting jaocor terminal. Current then flows through the field 
windings. F-om there, current goes through one btush Into the 
cotamutator. T'lls brush is called the insulated brush. The 
Insulated brush does not touch ground. Current, then flows 
through the annature windings In the motor. After passing 
through the armature, current is picked up by another brush. 
This brush is called the ground brush. The ground brush is 
autached lirecrly to tha frame of the starter. Cxirrent then 
flows back to the battery. 

FRiMS, Th« $ tarter housing or frame provides a 
place onto which the pole shoes and field windings can be assambled. 
The fraae also provides a low reaiacance path for the aagnatlc 
flux produced by the field coil windings. Remetaber that magnetic 

lli;j»^ -f f : rce will tra-'^el through Iror 'asier than air and 
thac they ^.ast fw..Tn a complete circuit. 
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mm coil («) 

SEIIES COIL (4) 

TiguTS SO, ZiffsTsnt Si eld Cirouiz 
Wiriyig Ax'vjy.gerr.cnts, 

SIELD. WIRING. An inspection of the wiring diagrams shown 
in figure 80 shows various combinations of series, series- 
parallel,, and parallel connections. The one selected for 
any particular application is dependent on niany factors, such 
as engine speed and torque requirements, cable size, battery 
capacity, and the current carrying capacity of motor brushes 
and switches. There are two types of field coils used in cranking 
series and shunt. 




H0UP4 81, Straight Strips 
Winding, 



Straight Series Winding. The field windings ate comi«<st«d 
In scrlas with th« bru«h«« and arwstw windiagSt •« «h« currant that 
flowa through the field windings also flows through tha anaatura 
windings, figure 81. Series colls contain several heavy copper 
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ribbon conductors. This psrmits an sxtrsasly Urg« eurrtat 
t» flow, so chst ths aotor tevtlops tor^iim, or tumtiit 
- jsflor t. ,. 







Figure 32, Series Shtdnt 
binding. 

Series -Sftunt Winding, Current goin^g through a starter 
shunt coll bypasses the armature and flows directly back to 
the battery. The shunt coll can be Identified by its direct 
connection to ground, figure 82. The shunt coil contains 
many, many turns of smaller wire. The shunt coil is designed 
to keep the magnetic field of the starter strong. By keeping 
the field strong, the shunt coil prevents the motor from over- 
speeding. Many times the starting motor will try to obtain 
a maximum speed that is so high that the motor will tend to 
tear itself apart.. The maximum speed of the starter is controlled 
by the shunt coil. The remainder of the field colls, the series 
coils, are the sane as that described in the previous paragraph. 

Variations in Starting Motor Constructions 

The above description of t'te construction of the starting 
motor has been that of the typical starter. There are two variations 
which you should be aware of however. These are the reduction 
gear starting motor and the moveable pole shoe starting motor. 

REDUCTION GEARS, This type of starting motor is usually 
found only in Chrysler products. Figure 83 shows a reduction 
gear motor. The purpose of the reduction gears is to produce 
more torque or turning power at th« drive' pinion. These gears 
also cause the pinion to turn slower than the amatuce, making 
It necessary to have a faster turning armature for th* engine 
to be turned over at the speed required. 

MOVEABLE POLE SHOE STABTSR, This type of device is now 
found on Ford Motoreraft Xfanerly Aujto-Ute^ starters. The 
Ford starter Is shetm la f Iguf • 84. «b« thm initios tulteh 
is turned to the start position, current flows through one 
field coil and a set of contact poiats to grevad. Ttte aafnatlc 
field given off the field coil pulls the aoveable pole shoe 
down to its seat. When the pole is pulled down, the lever 
moves the drive assembly into mesh with the engine flywheel. 
When the moveable pole is seated, it opens the contact points 
and functions as a normal field coil. With the points open. 
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Figure 



33, Chi^^sler Reduction Gear Starter, 



ORIVC ENO 




Figure 84, Ford Starter Disaaaenibled, 

current flows throu^ all field colls energizing, the starter. 
At the same time, current alao 'flows to another coll which holfia 
the moveable pole down; When the ignition switch is released 
from the START position, a return spring pushes the moveable , 
pole beck tp its orlglaaX position. 

Starter Drives . • 

• 

The motor drive mechanism is assent led onto the armature 
shaft, and Is . the part throufh which power is transmitted from 
the armature to the engine when cranking the vehicle'. There 
are a number of different types of scarcer, drive 'units* These 
are covered In the sections ChaC follow • 



All drlvM, r«sardU«« of typm, contain « pinion which 

asdft CO oov* alottf th* shaft md ftngag* tlw ring w^t for 

^ . . ... - 




motor op«racofl to crank tha aagiM at apaada aufficiant for 
starting purposas. Aftar tha angina has atartad. it ia poaaibla 
^tat tha ring gaar ^^oold dri^ tha araatitra at apaada which 
would causa, tha windings to ba thrown from thair alota. Tharafora 
all drive machaniSM ara daaig^ad to dismgaga tha pinion 
f ton the ring gear or to provide an overrun feature when the <^ 
engine begins co drive the pinloa faster than the armature. 
This feature pro'^ects the armature from being driven to damaging 
speedS'A.i ,^ 

Bendix Drive > 

Although there are a variety of different types of Bendix 
drives which may differ considerably in appearance, each drive 
operates on the principle of Inertia to cause the pinion to 
engage with the engine ring gear. Inertia is that property 
of matter by virtue of which any physical body remains in 
ICS state of rest or of uniform motion undl acted upon by some 
external force. 




Figure 85, 
Simple Bendix Stccrter Drive, 

CONSTRUCTION OF THE BENDIX DRIVE, Figure 85 shows a 
disassembled view of the Bendix drive. The drive pinion is 
normally unbalanced on one side, and has screw threads or 
splines cut on Its Inner bore. These screw threads match the 
scrfw threads cut on the outer surface of the Bendix sleevd. 
The pinion and sleeve assaiid>ly fits loosely Over the armature 
ahaft. It is connected through tha drive spring to tha drive 
head. The drive head is keyed to the ahaft. The pinion and 
alaave aaaemfoly is free to ti»a m ti» asnatura ^aft ^ thm 
axtant permitted by tha fiaxiag of tha 'drive aprlng. 

ESGAG&mr OF PlSICm to FirySSSL. Vhan tha starting 
awitch ia elosad an^ tha isotor windinga are anargiaad by tha 
battery, tha armature a rotate* Thia rotation ia 
transmitted through the drive head and drive spring to tha 
alaave, and theae parte incraaaa In apaad with the armature. 
The pinion, however, being unbalanced and having a looaa fit 
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du« CO its in«rti«. tbm mult U ttut tha tplral ftpliiMd 
s;.««v« rotAt«s withla th« plaion, «ad tht plaloii movM •advlM, 
or *V«^|» eiic**» «lo&i tl» to fn^^ ^ Ttsg ^«r; Wh«n 



spring. 

DissiKMGmmr of mmn mm tsb Fi^fmsi, ifh«i th« 

ttogln* bsgins to op«rat*, chs pinion is dri\Mn by ths ring 
g«ar St a highsr spMd CIma ths snsturs. This esusss thm 

pinion to rotacs in tha'samc direction as ths.slsevs but at 
a highar speed. ' The pinion is than driven back out of mesh 
with the ring gear teeth. For as long as the operator keeps 
Che tnotor energized with the engine running, the no tor free 
speeds. The motor start switch, therefore, should be released 
iumedlacely after the engine has started. 

Note: Some Bendix^ drives contain a spring- loaded detent pin, 
This feature prevents unwanted disengagement of the pinion 
during a false start. 

Overrunning Clutch 

Another type of starter drive la the overrunning clutch. 
This drive does the sane thing as the Bend Ix; It connects 
and disconnects the starter to and from the flywheel ring gear. 



COLLAR 



OJL/TCH 
SPRING 







Figui^ B6» Typiaat Overrunning Clutch CcnatruoHan* 

COKfflWCTIOIt Of TBS OmmoniSQ CWftS, The o ve rr u a n lng 
dutch pinion is noved into and out of nesh with the ring ge«r 
by a shift l«v«r uhlc^ia pp«rat«d aither ovnully or by a solenoid 
The overruttalag clutch drive, figure 86 » has a shall and sleeve 
assenbly which is splined internally to taateh either straight 
or spiral ipllnas on the arnfttura <haft. The pltt^oa It locate i 
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issl4tt ^ ^Mpl. A eoU» md fxiM^ l^cmfd over clitt •Imva 




SNGAG&mt OF OnmumiKG CimcU. Wma th« sMft Imr 
1« op«rattti, ^ft shlit l«v«r th* coUar aadwlM aJ^af 

tiM shaf t, «iid\th« tprlng puahat th« pinion Into mtah with 
tha rlnf gaar. , If « tooth abutaant ahould occur, tha aprlng 
eovpraaaaa with' lavar aovaaant until tha awltch la doaad, 
at which tlaa t^a armatura starta to rotata and tha tooth 
abutment Is claj|^rsd., Tha conpraaaad spring than puahas-the 
pinion Into masti.* Cranking baglna with torqua balng transmlttad 
from tha shall to tha pinion by tha rolls which ara wadgad 
tightly betwean tha pinion and tapar cut Into tha shell. 

VISENGAGEMS!rr Of OySRHUJmiNG CLUTCH, Whan tha engine 
starts, tha ring gaar d'rlvaa tha pinion faatar than tha armature 
rotation. Tha rolla ara moved away from the tapar allowing 
the pinion Co overrun the shell. The start switch shotild be 
opened Immediately when the engine starts to avoid prolonged 
overrun. When the shift lever moves back by return spring or 
manual a, tlon, the pinion Is moved out of mesh and the cranking 
cycle is completed. 

Summary 

Whether the Bendlx or -overrunning clutch starter drive 
Is used, remember that their purposes are the same. First, 
they connect the starting motor to the engine flywheel and 
transfer the torque of the motor to the engine for cranking. 
Second, the starter drive units disconnect the starter from 
the flywheel after the engine haa started. Remember to release 
the motor start switch as^ soon aa the engine has started to 
prevent .serious damage to the drive unit. 

STARTING MOTOR CONTROLS 

During the cranking of a vehicle a very high current 
la uaed. The starting motor may draw aavaral hundred amperea 
from tha battery during thla period. Switches able to carry 
thla high current without over-haatlng or damage to tham must 
be uaed. Tha swltchaa will aaauna dlffarant forma whan uaed 
on different unite. Tha two main controla uaad on today 'a vahlclea 
are tha magnetic switch and tha aolenold. 

The Magnetic Switch 

Tha oMigmtlc «wltd» la wad on starting sotora which 
Itav* t\m Bandlx drlva. Xha flttpMtlc switch titlllzaa tha principle 
that a flow of eurteat la A wlndliis of wire creates a naipetlc 
field. A aagMtlc switch, flgura 87, cmalata of a winding 
joI Hira mountad Mxoaod a hollow eyltadar^ AaJUrea pltmgar 
ia placed Inalda thla cylinder. A contact dlac la aaaaoblad 
into tha plunger. When tha Ignition switch la turned to the 
fXART poeitloa, the winding le esarglsed* The aoveaent of tha 



Figure 67, Hagnefta Switch, 

plunger causes che concacc disc to be held cighcly against the 
' tvo n"^in switch terminala. The circuit Is now closed between 
che starting motor and the battery and cranking takes place, 
^^en che Ignition switch is released, the winding Is deenergized. 
A return spring causes the plunger to return to its original 
position. The circuit between the battftry and starting motor 
is now open. The magne-tic switch, therefore. Is a mechanical 
switch that is operated electromagneticaXly. Remember that 
tnagnetic switches are uianufaccured in a wide variety*o£ designs^ 
but each operates on the principle just outlined. The only 
purpose of a inagnetic switch is Co connect che baccery to che 
starting motor. Different taagneCic switch circuics used to 
connect the battery to the starting motor are shown in figure 88. 

Solenoids 

When che overrunning clutch drive is used on Che starCing 
mocor, the magnetic switch is given «n «ddlCl,onel job co 
Chen ic is called a solenoid, figure 89. Th4 solenoid switch 
consists basically of two windings mounted around a hollow cylinder 
eontataing a ■eveaftl* plttafir. A iftiifs iMmr !• comiccted 
CO the ^lut^r «id a «oae«et 4ice ie «MMibl«d la lia* with 
the plua^r. Wies the wisdiai* *v« «&«rtiM4* the plwfer pulls 
the »hifc ltv«r. Thii oowt ttic ovemamiAi clutch into mesh 
with che ring gear. The eoatact disc is puiAied into cmitacc 
with the solenoid battSLry «n4 mtait teniiiAla. Creakias oi 
che engine now Cakes place. The two wlndinga^ia che solaaoid 
are che pull-in sad the hold-la wladlngs. The pull-la wladiag 
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Hgurm 88. Magnmtio Saitoh Circuits, 

hM « f cv turu of hMvy iflr«, whU« ch« hoXd-ln winding htts 
«ay turn* of fin* wlr«. Whan tlM Ignition k«y 1« tutnod 

w A. «siAir' fMition* «K«t flow «5^*»;2SL*5S?^ 

both tbftw i»li«»»it. Thn wfist tyt w to ^^^^^^ 
ch« hold-la ulttdittt dlnctly ttoooili gvooB^* ^ ^2?' ^ 
ctireuHi tlm poU-la irtadtog mtMt flow tUmgfo cwBkisg 
•ocor b«fo« mutftlaf to thn b«t»ry. J^l^^'^J^'^^ 
th« pull-ln winding to b« thortod out lAon tho plw«« puflioo 
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mmm ovckunnino 

QEAR CLUTCH 

Fiaur^ 89, Svartav With Solenoid Switch and Gverrmning Clutoh, 

the contact disc in. ''Shorting' out tht pull-in winding l«tMns 
cH« drain on the battery and l«avea mor« energy for cranking. 
Mote magnetism Is needed to pull the plunger in, so both windings 
work together to accomplish this. Once the plunger Is In 
however, less magnetism Is needed to hold It In. 

MAINTENANCE OF STARTER COMPONENTS 



Starring Motor 

Normally, the dlsasseably of starting motors should proceed 
only as far as neceseery to make the repair or replaceoient of 
parts. Certain checks are conaoa on nost cranking motors. Thes« 
tests should be made on dlsMMobled starters before making 
star tar taata using apadallaad east aqulpaaat. 

MS^EES, Thay should not ba worn dovn mora than one- 
half tlMlr original langch. Xf tlia broahaa era worn mora 
than this aaouat, thay ^oold ba replaced . Check this condition 
by eoa^ariiii cha atavtar l>TttiAi tn a aaw bcuali of tlia eorraet 
sisa fotr tSctm startar. 

BRUSH BOLDSRS, Tha spring canilon of tha bmah holdars 
for fraaneaa of operation. 

ABHATURS, Visually check tha araatura wlndlnga for broken 
or bumad laaulatlon and unaoldarad eonnactlona. 
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or aojM), hM high mie«» or U MttMly dirty, it win rHulM 
turaiag dovn la « Uch«. Tht vlea InsuUtion outt thM tw 
u ttdt t c ttt «ad ^ slots el«aa*<i out to'ntfv* traes of 
4irt or eqppor dust. 

BV^XSGS, Thoro should ^ vsry llttls pUy b«t«»«« tho 
srmsturs shsft snd th« bushings. Xnspscc th« bushings for 
•xcsssivo scouring snd wssr. Chock ths srasturs for signs of. 
rubbing on tho polo shoos* If thoro is too nuch pUy or if 
tho smsCuro hss bojtn rubbing on tho polo shoos, roplsco tho 
bushings . 

Starter Drives 

BSNVIX dPT/E.^ Msintenance of tho Bendlx drlvs consists 
of tho following: ' 

1. Vlsuslly Inspoct for dsmsgod pinion gosrs. 

2. Chock for fros screw action bstwton the pinion gear 
and sleeve. 

3. Check the spring. If it is bent, brokon, or tho 
eyes are spread open, the spring must be replaced. 

4. T<ubricate the drive unit with light engine oil. Hover 
use grease. 



OVEBKUNNING CLUTeS, 
of the fullowlug; 



Maintenance on this type of drive consists 



1. Visually check for daaaged pinion gears. 

2. Chock for free novsnont of the collar on tho shell and 
sleeve assembly. \ 

3. Check tho condition of tho pinion sssoably by holding 
the shell sleeve assoobly and rotating tho drive goar both ways. 

^ It should rotate freely in one direetion and lock in tho other. 

4. Nevor ioBerso or soak the ovorruaaiag clucdi in solvont* 
The grease will be washed out of tho clutch asso«^ly and there is 

. to rogreaao it« Cloas uaii^ a dan^ elotli*. 
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3, Lubricata the slaava with 'liglht aagina oll^ 



n 



lUJm THE STARTING MOTOR' 
for ft fttftrtiiif wQt^t to pTo4uc« its *full 'powsr with tiM Uftst 




witji--th<^ prop«t Xfiftt «qulpMnc. Thlft tliainftCftt eh« poflilblllcy df 
piftclftg ft' 4«<#c'tlvV M^.t bA«k into chft stftrtinf .^acor upon rftftftSftpbl^. ^ 
A briftf dftftjcrlptlon of ftftch tfttc follows. 



Armaturs listing' ' 

, Thft.ai^^yr* fthould^be tftfttad for grounds, ihorcs snd opsn circuits 
whftnisvftr tht starting notor is ov«rh«ulftd. ttift following procsdurts -sra 
typicftl 6ut«b<s sur* to chflck msnufscturftr't auauftl for tht corrsct procs- 
durs 'for the equlpmftnt baing usad. '* 
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ignre iiO, Ajmaturg' Short Test, 



SBOBT CTHCUXTS], Ths snnftCurft is tsstsd i 
liire tester, dbinonly csllsd ^•''gxa^ler." 



for short circuits on sn 
armature tester, cjihtonly called ^^'''gxfl^ler." The amature is placed 
in the growler^^we and slowly revolved while holding a steel blade 
above the amature cpre, figure 90. If there is f short circuit in 
one of the cotes, steel blade will vibrate against that core when 
held above i^* / 
\ / 

Caution:^ '{lever operece the growler In Che gro\der test position 
without «a ftraature in the jaws. 

* .VSUASTSD GROUNDS., This test U asde with the test la^^ on the 
jrowler. Om test point is placed on the snature shaft sod the other 
is pUeed on the co«ta^o<. figure 91. If the leap lights, the arM- 
tttfe is grouaded* 



0 
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Figure 92, Armature Ground Test, 



li:.'.!/. 




Figure $Z, Armature Open Teat. 



Om CUtCVnS, U th« anutur* has an opta eireult, it nay flhmr 
^Miliy Mt tha coaai»tatQr. Ib« coMutatot bars vilX ba badly buniad* 
^ mmtmt mk t!tm ^rflwlar la alM itM^« fUea ^ eottCMt fltt^fs of 
tha (Yowlar taat aatat cab la acro«a adjacant coaoucator bara, figura 92. 
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iMt ««clt cof»a««4or bar vlch thm nmxt until I «Xi bars htv* b««a 

chaclMdv k lo» r^ftdiaf ixLdi<ifttfts op«& cl^euiV i& tbi* articular 



Fitid Coll Testing 



I The starcar '^ald eoila ara tattad for ^pan^ e'lrcttita and tawaatad 
grouiida. Again, eha following procaduraa ara typical, but ba tura to 



ehaek tba nanufactutar** apacifle proeaduratj. 




Coil Oven Ci:^*auit Tsat, 



FIELD ops:: CIP.CUrr, This test will determine if the field windinga 
are broken Internally. The test lamp on the growler is used tor this 
test. Place the leads of the test lamp at the two ends of th^ field 
circuit, figure 93. If the lamp does not light, the field windings are 
open and oust be replaced. i 

i 

FIELD GROUNDED CIRCUIT. This test will determine if tha jiield 
winding insulation hat failed parmitting a conductor to touch jtha frame. 
Tha test lamp is also used on this test. One point is placed jon the 
mQt or terminal of tha starter and the other lead on tha fraaa,i figure 94. 
If tha teat light glows, the field windings ara grounded and akiat 



ba replaced. 



OH VEHICLE STARTWa SYSTEM TESTS 



Troi^la may davalop in cha atatting motor ayatam oa tba vaiiieXa* 
there art aavaral chacka that can ba made to datarmina whathaticha 
tro^la'lias in the battery, tlM starting motor, la tha wiring | circuit, 
or alaawhara. There are many cmditions baaidaa defects la th4 starter 
■star wlilah cam cauaa poor eraoklag parformanaa. 

Quick T«$t1f|g of Starting Systtm 

To mak^ a quick ehaek af tha itartar motor 'tyatam, with thia battery 
fully charged, turn on tha haadligt^ts of tha vehicle. Tha lights should 



Figure 04, Field Coil Ground Teat, 

burn with normal brlghcnesa. Next, crank the englQC and 6b«erve the 
brilliance of tha headlights and the cranking speed. - 

LIGHTS GO OUT. 'It Che lighcsT gp out .as the s^tarting motor is cranked, 
it indicates that there is a poor connection between the battery and the 
cranking motor. 

LIGHTS DtM CONSIDERASLy . This tiay occur when the starting notor 
operates slowly or not at all. The trouble may be some mechanical con- 
dition In the engine or the starting notor its«lf. 

LIGHTS STAY SI^^IGHT BUT NO CRANKING ACTION, This condition indicates 
an open circuit at some point. It could be either in the starting motor, 
starting motor switch, or in the control circuit. 

Insulated Circuit ResiTtancfi Test 

■ / . 

Th« purpeee of this c^s^t It to aMsuro th« teslstsncs of «1m cables 
and swltchas from the battery i:e the starting aotor. In this ttst, tb«' 
1» ercniEetf with a voltamtsr «oitii«et«d aero«» the clr«ttlt. Ixces- 
siv« voltage drop Indicates rsslstanct which any risult in starting dlf- 
flcu^les. 

m 

Sround Circuit Resistance Test 

The^rposa of this test is to aeasure th« voltes dr^ -to the • star ting 
■eeor ground circuit systea. This test Is pacforBsd slaUlfr co the 
issttlatad cir^4»i€ tast. * 

96 -ti'l 



rtp 

Amptragt Draw Test 



t_ll!i BEjMTtW ^filil W gjil ^SUft 



n«ct ion* within ch« itArCAr, poor brush contact etc . Ifti«n it i« found 
that tba aaparaga draw is higiiAr than spsclfisd by tha vahlcla aanulac to- 
urer , various things within tha startar could causa tha troubla, such as 
tha araature rubbing tha fiald shoas or a groundad star^ljig aotor f iald 
coil. If tha amparaga draw la not within spacif ications , tha motor aust 
ba removed from tha vehicle and banc|h tasted. 

' * 

Note: The importance of aeintalnlng Che bettei?y in a fully 
charged and otherwise good condition for cranking motor per-* 
formance cannot be over*emphasi26dt If poor cranking is en* 
countered, the condition of the battery should be checked 
thoroughly. Of equal importance for maximum cranking output 
is the Q&intenance of all wiring in a clean and tight condi* 
tion. Clean, tight connections becoow all important to avoi^ 
excessive voltage drop in the starter circuits.^ 

QUESTIONS 

1. The rotation of a starting motor is due to what? 

i 

2. What is a starting motor? 

3. JJhat Is the purpose of a starting moCor? 

4. Magnetically, what two parts does the starting motor consist 

of? 

5« What is the purpose of the magnetic field windings in the 
starting oiotor? 

6. What are the' two mosc common types of drive mechanisms In use 

today? 

7. What is the purpose of these drive mechanisms? 

8. What are the two types of controls used when the overrunniiifr- 
clutch type drive is used on the starting motor? 

* 

9. What may occur if the starting motor switch is kept engaged 
too long after the engine begins to operate? 

t* 

10. Briefly explain tha operation of the ovvrrunniag clutch 
mechanism. 

* 11. What type of control is used with ths starting pator using 
tha Bendix driv^ mechanism? 

12. Briefly explain the operation of a Bendix drive. 

13. What oathod is used for cleaning a dirty Cv glased cosnutator? 
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14* Why shouldn't a starting motor be operated for mora than 30 
saemitfs a€ a tim» vitheut pausing? 
o 97 
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15. mf U it to' ia^stZMKit &kmt «U •tcrtlttf eablM b« 
of iitmnif s4so} , - 




16* What vill dirty eobl* cooaoctions coum? 
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OBJECTIVE 



, kfft coapUtint this study guids and your clsssroott instruction » 
you will b« skis to sxplsin ths prlndpXss of opsrstlon, function -snd 
rslstionshlp of DC ehsrslos systsm coi^onsnts ; rspslr and ssrvlcs 
DC charging syatam componants; and ba abla to usa visual, auditory, 
oparatlonal maan's and tast aquipoant to chack, adjust and isolata ttal- 
functions in tha DC charging systaa* 

INTRODUCTION 

I 

The charging syst«a is soaatimss callad tha "powar lysCam" and 
sooatlaas tha 'i>attary ganarator systsm". Tha affldancy of tha antira 
elactrical system dapandt upon its ability to function normally. Any 
vaaknaas of tha charging system will show in tha performance of the 
cranking, ignition, lighting, warning and accessory systras. Therefore, 
it is very important that the charging systsm Is thoroughly understood. 
The charging system consists of three basic units— the battery, generator, 
and generator regulator. Broadly speaking, the battery and generator 
work together. Theae two units keep a supply of power available as 
required by all the electrically operated units of the vehicle. The 
regulator is a control device designed to prevent damage to the generator, 
battery, and voltage sensitive parts of the electrical system. 

INFORMATION 
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supply pow«r co th« v«hiel«*s •X«ccrle«X •ytc«m. Flgur* 95 shows how 
ch* gsnarator and the bsttsty work togothor to supply sisctrlcsl powsr 
to ths- y^ielo sloetrlcal syttMi« VhSn tho t«ii*r*tor is at rast or Is 
oparatlng at an axtraaaly low spasd, such as at angina Idlt. tha alac- 
trleal aaargy for l^ltlon, ll^ts and accassorlas is suppUad by tha 
battary alona . Whan tha ganarator is oparatlng at aadl^ sp«ad, 
anargy is suppXlad to tha' alactrical systam by both tha ganarator and 
tha battery . At high spaads, such as driving on an intarstata highway, 
the ganarator alona supplies alactrical anargy to recharge the battary 
add CO power the electrical systam. 




Figure Seationat View of Shunt Type Generator, 

The autonotlve generator, figure 96, consists of the pulley, fan, 
drive end frame, pole shoes, field coils, armature, commutator, and 
brushes. There are different types of generators in use for different 
vehicles. The generator uaed must do the job required of it. The 
normal electrical lead on a vehicle will determine the capacity of the 
genarator. Also, other factors, such as the operating conditions, 
will determine the 4asl^ of tha ganarator. 

THE OC GENERATOR 

Tha ganarator is an alactroaachanical machine. This machine 
changes the mechanical power from tha engine into electrical energy for 
the vehicle *s battary and accassorlas. Umply stated, the generator 
produces electricity. Th* generator Is operated or driven by tha 
vehicle engii^e's fan belt. 
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Figure 9?, Conductov Moving Through a Magnetic Field, 

' We can produc* or generate elactrlclty with magnetism. This i« 
called electromagnetic induction. Generator operation ia based on this 
principle of electromagnetic induction. Elec'trical pressure, known as 
voltage, is generated whenever any conductor is n»ved at right angles 
through a magnetic field. If a closed conductor is moved in the direc- 
tion shown in figure 97, voltage will be induced into the conductor and 
cause current to flow in the direction shown. 
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Figure iB, Side View of Magnetic Field. 

Lookifig at this sane aagnetic field and condfactor from the side, ^ 
figitr« 98, t\m liiBm* of f«tre« t«M to im^ aroond €)t« eondi^pr* The 
lliMS of f orco «r« Ilk* r^^r b«Ads« HImsi cWo cootetof Is aov^d 
clirott^ tim, thoy tttd to *cotmd tte eofidttetor* ^Xhem, a ma^Aecic 
field go«s Around A eondueter like this, tt todueos or forc«# volt^t^ 
into tho eosdttctor. If tho eonduetov is tte eloMd to ^orm a eomploto 
cUcttltr tho ladticftd volt««i will gmm a ettrxmt to flow. 
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3. Motion ' f ' , 

This is thtt priaeipl* of •Ioccrom«fn«tic induction. It is one of the 
aest important' principlos that thara i« in auteaotiva elactricity. 
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Operating Thtory of th« DC Gtnarator 
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Figure 99, A Simple Generator, 

The generator uses elect roaagne tic Induction to produce electricity. 
Figure 99 shows a simple generator. A conductor is formed* into a loop, 
with. the ends connected to copper bars called cosaautator segaents. A 
pair of brushes ride on these segments to pick up the current induced or 
generated In the loop. When the loop is revolved in a clockwise manner, 
as shown, current will flow around the loop and through the cooBsutator 
segments, brushes, and lamp. Whan the loop is rotated 180 degrees , the 
two sides of the loop change position, but the current still goes through 
the lamp in ^he same direction.. This is becsuae the commutator segments 
have also changed position. 

The Shunt Gtntritor 



the ahuac tenarator is tlia «oat rnwnniy usad ^oarat^r. A ai^la 
diagram of t)^ Mntmt gai^raeor ia rt»«m ia figure lOO^ Tha ahimt ganar- 
j»or has two etreititi. Oiia ii eaUad eha flald circuit md the other ia 
called the chavgliit or load circuit. Thaaa etreuits ere. in psrallal with 
..Ms^ othar. B iMal i a r » a ^mme clrcqlt la a p araxia l alriolt. 

* 

TBS maOTIC FISH), The magaetic field in the generator la supplied 
^ Ofo ai^iata called pola aheaa* O^^aaa pola shoes ara paramat aa^ta 
ataaa that thara la a aaall aaouat aagnatiaa whi^ raaaiaa ia tha 
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LOAD CIRCUIT 





Figure 10j>r Wiring Diagrcm of a Shunt G^narator. 



pole shoe* at all tlmat. This sxmII anounc of magnatlsm la callad "re- > 
sldual" magn«tlsk. Ttia realdual iBag|iatlsm, or remaining aagnetlsa, la 
very small. However, the anount of magnetlam Is enough co cauaa sqae 
current to. flow In the armature loops as they start to revolve. Residual 
magnetism Is responsible for initial generator output. If there was ao 
residual magnetism in the pole shoes » the generator would not worlc! 

The magnets that form the magnetic field have a wire wrapped around 
chem. These coils of wire are called field windings. . These field wind- 
ings make the pole shoes powerful electromagnets when current flows thrdugh 
the windings. These coils are woynd and connected to the generator 
brushiii in such a way that part of the output from the generator flows 
through them. Go back and look at figure 100 again. 





FigwP€ lot, fh0 Armature A»$mblyl. 
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^ AiSHTW, Iftsnt^ Mrli«r in titta ^m^tmt horn yotta^ is 



Wc«u«« it uottld pro^t A v«ry Ibif euepue. output/, th« 

«tttOH»tlv« g«a«rator u««s ••vtral le^pa of vlr* wound around «/eot«. 
ttw whoU assoiibly U cftUod «SMtur«» fif«»« 101* 

8y using a«ny loops of wiro In tin uuturo, thoro art aoro con4uo- 
cor» which will pnso through th* angnotic fiold of th« gonorator. Whoa 
tho nuabor of conductors, passing through ths Agnatic fiald is incrtassd. 
tha output of tha ganarator will also b« ihcraasad. Hot ica that thtra 
ara savaral of thaaa loopa , around tha armatura cora, flgura 101. Each 
and of thasa loops of wira^s connactad to a split ring sagaant, or 
coamutator bar. All of thasa cooBButator bars maka up tha coasutator. 

The cora around which tha loops ara wound is aada from soft iron. 
It is aada froa soft iron to allow tha linas of forca of tha aagnatic 
fiald to aasily pass through It. But bacausa. tha cora is a conductor, 
and it la aoving a nagnatic fiald, a currant is producad in it. 
This currant is called an "eddy currant." Tha result of this eddy cur^ 
rmt is heat— and beat can hara tha generator. To prevent this froa 
happening, the core Is assaablad froa several discs of iron. This is. 
called a laainated core. The laainated core reduces the eddy currents 
and tha heat generated by the eddy currents. A fan Is also placed on 
one %ttd ot the armatura to pull cool air through the generator to reduce 
the heat produced by the manufacturing of electricity. ° 
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figure lOf, The Generator Field* 

IWn FBAMS HWSWG. tha fraaa is la^tant in tha oparation of, tha 
ganarator. • Raaaabar nhat algn^tic Unas of force will travel through 
Jttft isoa aora aasily than aix« Tha froa of tha gttarator la aada of 
Iron. It allows fiha aagnatic lines of forca froa .tha field to pass 
through it, figure 102. . Tha fraaa than coaplatas tha aagnatic circuit. 

Omrator Out^t j , 1 

Tha currant and voltage output of a ganarator dapofida upon 
tfflabar of ansntura conductors , tha strength th* aagnatic field , and 
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tpMd At wliieh th« coBductofS cut through thm mmv^tia fltld* Th«. 
eoimsctloas md nuah«r'ef tto« con^ictots ar« ftxsd by t)tt 4— tt a lat 

y>| ^4o^^ y, ., r 



Th« Strength of th« Mga«tfe fUld ^^p^,^^^-^^^ 
in th« fUld coll iAd «aeuAt of eurront Mowing through tho wiadingt. 
Thl« 1ft th« only emditloa that , can b« ceatroll«d Af t«d ft t*Mracor hM 
bM^ bullc and InstalXftd. Thla 1« dono by vArylng tho curront flowing 
through th« fiold windings by iM«ns of vftrlous r«galftting d«vleM. 

Th« spAod at which th« conductors cut through th« aftgnstlc fisld 
is dotsrminod by ch« dsslgning snglnssr, «s vsi ths nuab«r of conductors. 

Generator Circuits 

Ihs shunt gsndrstor which is fowd on today's sutoaotivs vshidss 
:aAy ba sithar an "A** circuit ganarator or s "B" circuit genarator. It 
is vary iaportant that you ba abla to Idantlfy the circuit you are working 
on. The only difference is in the wny the field circuit is wired. 

"A" CIRCUIT QENEHATOR', Figure 103 shows how the field circuit of 
an "A** circuit generator is connected. The field circuit starts inside 
the genarator at the insulated brush. The Sleld circuit picks up its 
current directly from the armature. Field current flows around the field 
colls and then out the field tenainal of the generator. It than goes 
to the generator regulator. Inside the regulator, the field current Is 
directed to ground where it returns to the grounded brush of the gener- 
ator. As the field circuit is grounded in the regulator, the "*^A^ circuit 
lii said to be externally srcunded. 

"5" CIRCUIT GIi:S?JZSl^\ The field circuit wiring of a "3" circuit 
generator is shown in figure lOA. The aaln difference from the "A" cir- 
cuit is that the "B'* circuit field starts inside of the generator regu- ' 
lator. >The field circuit picks up Its current from the charging Circuit 
in the generator regulator. Field current leaves the regulator and goes 
in the field terminal of thd generator. Field current then fl(oes around 



the pole pieces in the generator and is grounded to the frame. The 
circuit is said to be internally grounded. 

Note : Both the "A*' and "B" circuit generator systems do the 
same job. The only difference Is how the field circuit is 
completed. Some teSt procedures are different for the two ^ 
circuits, so .^it is necessary' to determine which circuit is 
being worked on. The best sad most reliably way to determine 
the circuit type is to ref«r to the manufActurer's maintenance 
manual or proper technical order. 
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Figure 10c. Tuyiaal Three Unit 

- w 

The genera-cor regulator is th« brain of Che jeaerator cijarginj sys- 
tem. Most generator charging systems use a three unit regulator similar 
to the one -shown in figure 105. ^ There are three main units in this reg- 
ulator, riiese units are the cutout relay, current regulator and voltage 
regulator. Each unit has a separate job to-do. Tne catout relay must 
^ keep thd generator and battery workin-g together. The voltage regulator 
" "iust csutroi or liait the naxisum voltage output of the generator. The 

current re^ulatior aust keep the current output of the generator within a 
. safe li::.it , 

Cutout Relay 

As stated before, the cutout relay mus.i: keep the battery and generator 
working together. Whenever generator voltage is higher than battery 
voltage, the cutout relay connects the generator to the bactary. This 
lets the generator recharge the battery. When the generator is stopped 
or when generator voltage is low, the cutout relay is open. ' This prevents 
the battery *from discharging itself through the generator. ~- 

:c::S7FlUCTI0:i of the cutout BELA:£,.. T)i« cutout relay » figure 106; 
has two windings. One is a series winding of a few turns of he&vy wire. 
The other is a shunt winding of fine 'wire connected directly to ground. 
,The shunt winding is connected actoaa the aencrator so that generator 
voltage Is upon it al all tioas. The series or heavy winding is connected 
Itt siries with the charging circuit. All getietator output pesaee through 
the series windings. The relay .core and windings are esseoibled onto a 
frame* A flat armature is attached cq' the fr*aie by a flexible hinge. 
It is centered just above the core^ tlhen the generator is not operating, 
a sec of contact points is held open by the- tension of a spring. 

0?EFAXIOn OF THE CUTOUT BELAY, When generator voltage builds up to' 
a value great enough to charge the battery, the magnetic field bulld*up 
aroun^' ti^ shunt winding is enough to pyll the armature down sb the contact 
points close, figure 106(A). Closing of the contact points compltte the 
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Figure 106. Cutout RaUqf AaHon. 

circuit b«cw«cn th« g«n«rmcor and ch* bAtMry. Tb« currant vfalch flows 
froa ch« gMwtacot to tte'battcxr p«SM« dtrgnogh tiM Mriat wipdiags la 
« direction to add to th« saitt«ti«m belding th« contact pelnca cloa«d. 
Howovttr, If th« gonarator alowa down or atepa, currant b«glaa to flow 
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item cht bAttftty to th« g«&«r«ter. Thl« r«v«rM flow of currit throu^ 



figyr* 106(B). Howsvttr, ch« a«gn«cic fUld of ch« shunt winding do«t . 
not reverse, figure 106(B). • Inscssd of hslplng sach other as b«f ore7 — 
th* two- wlttdingr now oagnetlcaXly oppose each other. The asgnetlc field 
is now toa week to hold the points closedv The spring pulls the points 
open. This opens the circuit between the generator and the battety. 
Repember, generator voltage closes the cutout relay points. Reverse 
battery current and spring tension opens them. 

Voltage Regulator 

\3 the battery becomes charged, the generator voltage will increase 
to overcoiae the resistance of the ^ully charged battery. This would 
. result in excessive generator voltage. Voltage is electrical pressure 
which causes -current to flow. This high voltage can cause the battery 
to become overcharged (due to the h-'.gh current flow), light bulbs to 
bum out^ and the accessories to be damaged (due to the high voltage) . 
The purpose of the voltage regulator then is to prevent excessive voltage. 

. CC::sTRUC7I:n of the voltage regulator. The voltage regulator, 
figure 107, has a shunt winding consisting of many turns of fine wire. 
This Winding is sensitive to voltage. The winding and core are assembled 
.^onto a rrame. A flat steel armature is attached to the frame by a flexible 
hinge. The anadtui'e contains a confact point which is just beneath a 
stationary contact point. When the voltage regulator islJ&t operating, 
the tension of a spring holds the armature so that the contact points 
are closed. The generator field circuit is completed to ground through 
these contact points. 

^FEUATIC:! :F the voltage regulator. When generator voltage reaches 
the value for which the voltage regulator unit is set, the magnetic 
field produced by the winding overcomes the spring tsnsion snd pulls the 
armatute down. This separates the contact points. A resistance is then 
placed into the field circuit. The generator field current snd voltage ' 
are reduced. This reduces the generator voltage output to a safe limit. 
When generator voltage output is reduced to its safe limit, the magnetic 
field around the core of the voltage regulator .Is reduced also. When 
the magnetic field is weakened, the spring pulls the voltage regulator 
points closed. This directly grounds the generator field circuit. . This' 
allows the generator voltage and output^ to . iasrM*A^_The^cw €ycle 

the rate of 50 to 200* tines per second^ This is a 
vibrating type voltage regulator. 

Current Regulator 

^ The amount of current that a gcnemtor will produce depends upon 
the demand of the vehicle's electrical system snd the condition of the 
battery. If the load demand is low, generator current output will be 
iow. If the load demand is high » the gmerttor irilX try to put out 
current to equal the high desondr. For example, when the betbery is 

wf u ''^ charge and many accessories are turned on, there is 

*?hJi*?/«!f ^ f*^**: g««rator vlU try to equal this demnd. 
*Thia is fine unless , the deaand Is mere tisa the generator e«n safely 
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Figur* 10?, Voltage Regulator AoHcn, 




produce. Th•r^lfor•, Ic it ncctts^ty co r«sulat« or Halt tho current 
output of tho s«a«r«ter. Th« current regulator prevents the geaeretor 




CONSTRUCTION CT TSt^CVURENT REGVtATQR. The current regulator » ^ 
figure 103, has a striae winding of a few turns of heavy wire. This 
winding carries all generator output. The winding and core are \ ^ 
dsseobled on a frame* A flat steel armature is attached to the fratM 
by a flexible hinge. It is just above the core. The amature has a 
concact point which is just below a stationary contact point. When 
ch« current regulator is not operating, Che tension of a spring holds 
^he concact points closed. ^'Then the points are closed, the generator 
field circuic is completed co ground through the current regulator points. 

^PrAin:;; ;:=• the CVRHEIIT REGVLATOR. when the generator current 
outpuc reaches che value for which the current regulator is set,'thie 
uiagnecic field around tt^ series winding pulls thd contact points open. 
A resistor, located on che base of che regulator, is then put into che 
field circuit, this reduces field current and results in lower gener'ator 
current output. This causes the magnetic field around che currenc 
regulacor winding to become weaker. The spring then pulls the contact 
points cipsed again. When che concact points close, the generator field 
is directly grounded. The generator output again increases. This cycle 
is repeated niany times a second, and Units the generator current So as 
r>ot CO exceed Its rated output. , ' \ 

* 41 

difference* Between "A" and "B" Cincuit Regulators ' X 

The above dlscusslif. has beeti of what takes place in Che operation 
of the- "a" ci^rcuit regulators. The "B" circuit regulators operate in 
3Uwn the same manner. In che "B" circuit however, the field circuic 
begins in the regulator. Field current passes through Che regulating 
uniCs or che resistor and then goes to ground in .Che generator. "A" 
and "B" circuit regulators are different, but both work on the same 
principles. 

- Noce: "A" and "B" circuit regulators are not Interchangeable. 
Be sure to replace with a regulacor of che same circuic type. 

POLARITY 

Polarity is a term used to describe a direction of current flow in 
the charging system. In the DC charging system, output from the generator 
should be from the insulated brush to the positive post of the vehicle 
battery. It then returns from the battery to the generator by way of 
the vehicle frame. Which wa/^current flows from the generator depends 
upon the position of the pole Shoe* In the generator and which way 
current flows through the field windings. If the pole shoes are installed 
backwards in the generator, or current flowed accidMtally through the 
field coili in the wrong direction, the generator would become improperly 
polarized.^ith respect to' the vehicle battery. 
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Figun 109 » BffgatM of R§v€r$0d GmwratoT Polarity, 

In a charging ayattm 'of . eh* corraet polarity » gtaaratpr voltage will 
build up until it is high aaongh to clurgo cbo battery. 1M cutout roi«y 
pointa will thon eloflo and tho gonorater will rachargo tha battary. If 
cha ganarator polarity ia ravaraad, tha gaaaraeor voltaga would also ba 
ravaraad. Thia cauaaa ganarator output to flow in tha wtong diractlon 
-froB tha ganarator.. Tha ganarator and battary ara now eonnactad in aari^a. 
Whan tha cutout ralay pointa eleaa, ganarator and battary voltaga to- 
gathar paaa through tha potata, lafar to fiLgura 109. Thia vlll eauaa 
tha cutout ralay pointa to bum and avaatually wald tegathar. Ibia allowa 
tha foottacwr and bscMvr to ba coB Da ctad togathar at aU tlMa. Ia a 
abort tlaa tha bac««fy any baaoaa e^mlM^y diactevgad. Tha gaaarator 
araatura nay alM bacoaa burnad and haira to ba ri 
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polarity In the gmtr^torT Thl'f it dons by allowldg -« currtnc to flow 
thtoutH thii fl«l4 coil* la thm prop«r dl««ecloa. Xh« aaga^tlc £i«ld. t«t 
up by ch« coll9 will properly .mAfn«tis« th* |«n«rAtor pol« pitcts. R«atab«r 
how«v«t ch«C th«r« ia a di£f«c«ac« ia th« wiring of tb« fi«ld coils of tht .'. 
"A** and *'a*' circuit ganarators. Tharafora, thata it a diff^ranc procadura ' 
for aacb circuit. On both tyttama, pd'larizing it aaaily dona at tha 
ragulator. "* • ^ . 

Warning: ' Bacauta of tha dangar of tha pela thoai accidantally . 
becdming inagnttically ravartad whan banch tatting a ganarator, ^ 
tha ganarator »u«t ba polariadlLwhan it it installad on tha 
vahicla. It la polar izad aftarlha laada ara connactad but 
bafora tha angina it ttartad. ' - 

?CZARIZZ::J the "A" CIBCUI^'GE^SBATOR, Tha fiald of tha "A" circuit • 
ganarator starts intida tha ganarator. It groundt axtarnally in tha 
ragulator afcar pasting through tha currant and voltaga ragulator pointa.' 
To avoid dafflaga to thata contact points, firtt dltconne^t ,tha fiald laad 
at the regulator. Connact It to a go^ ground on tha vahicle 'f rama. To 
tiolarlze tha ganarator, aomantarily«^uch a jumpar laad batwaan tha "BAT" 
and "p£N" tarminals of tha ragulator, figura llO. This allows a noisantary 
flow of current, through tha fiald coils of tha ganewor. This correctly 
polarizes it. 

?:ZAFJZi:i: THZ "3" JIP.TUZT Gc:::c.HATCR. This type of generator Is 
polarized by disconnecting tha field laad from tha ragulator and momentarily 
touching this le^d to the '•BAT""tarminal of the regulator, figure 111. 
Battery currant will than go from- tha battery teminal, through the field 
wire and fiald colls to jround. This momentary current is enough to 
polarize the generator. 

Warning: Failure to remova the fiald laad from the ragulator 
wHl result in burned regulator pointt. Never ute a Jumper 
lead between the "BAT" and "F" taiminalt of the ragulator. 

Regulator Polarity 

Soma regulators are daaigned for ute on a nagati^ ground system. 
Others are for positive ground syttent. Tha difference it in the detigr. 
of tha regulator pointa. Utiag a regulator of tha wrong polarity will 
cause the currant and voltage regulator points to pit and bum* Thit 
will thortea the life of the regulator. The nodal number, voltage, and *> 
polarity ara often ataapad on tha bate of tha ragulator. Make aura tha 
correct polarity ragulator la uiad. 

testing' OF THE DC CHAiRGING SYSTEM 



- As wldi- tay of tha eomplax ayatama -o« tha modern vahlcla, malfmtctiona 
do occur. Whan trouble with tha charging tyatam la encountered, it can 
ba found by a ayatamatlc tatt proeadura* Baeauaa th#ra ara to many dlf- 
faraat typaa of vahicla* on tha road, It would ba lapoaa^U to incMa 
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JUMPER OR FI^O LEAD 





FiguT9 111, Polarising tha Cirauit Jafiarator, 
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proc«dur«ft . Xh* follotrlng iif&r«aeloii coQe«ftti|ig twt procvdori 



Visual Inspection 

MMiy charging •ysc«m troubl«s cAn often be found by a good vlsunl 
intpecdon. Check the generator drive belt and all vehicle wiring. Make 
-stire they are in good condition. Don't forget the battery.* It must be 
in a good state of charge. 

By*Pass1ng Regulation 

- The regulator can be eliminated from the charging system to determine 
If* it or the generator is at- fault. With the regulator by-nasaed, if the 
generator produces voltage and current to specificatlone^ t^ regulator is 
at fault. If Che generator will not charge with the regulate^ by-paased, 
the generator must be removed and repaired. With the regulator , by-passed, 
generator output is controlled only: by the speed of the engine. iAgain, 
as there are two types of generator circuits, there are two ways to 
by-pass the regulator. 

' 3Z-?hsi:!G THE "4" CIRCUIT CUREENT AND VOLTAGE REQUUTORS , "to by- 
paes the "A" circuit current and voltage re^lator units, simply disconnect 
Che field wire from the "F" terminal of the regulator ai^d connect it to 
a 3$>od ground. 

3X~?A3-3i::0 the' "5'^ CIRCUIT CURRENT AND VOLTAGE REGULATORS. The "3" 
circuit regulator units are easily by-passed by disconnecting the field 
wire from the "F" .terminal of che regulator and attaching it to the 
armature ("AHM") terminal of the regulator. 

Cauci'on: By-passing the regulacor should be dotie for testing 
purposes only. Normal operation of the vehicle with the reg- 
, ulator by-passed will resist in severe damage to the entire 
electrical system. » 

, BY'PASSniG THE, CUTOUT EELA:i, The foUowii^ procedure .is used to 
by^^ass the cutout relay. This procedure is the same tot both "A" and 
/•B" circuit charging sye teas. To by-pa»8. the cutout relay, connect a 
jumper wire between the battery and^araature (or generate^ ' terminals 
of the c regulator. With al! units bypassed, it can now easily be deterr . 
mined if the generator or regulator is at fault. 

Caution: The engine must ,be running when the cutout relay 
li by-p««9«d. If tkm eoglae is' not tunning, tl)« battery will. ^ ' • 
becoae 41scharged and dauge'to the wiring and gmarator may 
result. ' 



QENESATOB ^-rTPUT TEST* The manufa^urer designs a generator to , 
harm a certain output. ^Tba tate^ ^put auat be checked. . Zf ' the genarator 
falls to reach its rated output it must be removed an^ tapalred or 
replaced; 
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Figure lis, Cormutatcr^^Runcut Check, 

It down in a lathe or with a turning and undercutting tool, figure 116. 
Remave no mora cop'per than necessary to clean up the coomutator. 



ADJUST. OAMP SOKW fOU 
SNUG nr WHILE TURNING 



, CUT ONLY ENOUGH STOCK 
TO CIEAN UP COMMUTATOR 



TIOHTfN COllET 
ON ARMATURC SHAFT 




. Figwpe 116. Generator Comiutator Turming. 

After the commutator Is turned down, undercut the mica between the 
bars 1/32 Inch beldw the popper, using the undercutting tool as shown 
In figure 117. Figure 118 .illustrates samples of proper and improper 
undercutting. Polish the connutator with #00 or #000 sandpaper to 
remove all burrs. Brush all particles of copper fro© the mica insula- 
tion ber^een the comoiutator seg^nts.. 

Field Coir Ttsts / / 

Tba flald colls should be inspftcted for 4 are insulation and broken 
wires. The toils are checked for unwanted grounds, opens, shorts, and 
missive r«»iat«ac«. FrecedurM tot testing the field coils can be 
•found i|i applicable technical aanuals. 

' ' in 



,^ """" Q 

lERlC-f. 




ADJUST ClAMT SCMW 
FOt SNUG TURNMG rff 



Figure 11?. Qanerator Corrmutator Undercutting. 




Figure 113. Examplea of Proper and 
Improver Undercutting. 



Brushes and Brush Holders 



The brushes shoiild b« replaced when they are 1/2 their original 
length. Brush holder spring tension should also be checked with a 
spring t^^nslon gage. Holders not meeting specifications should be 
replaced. 

REGULATOR MAINTENANCE 

Electrical test end adjustments of the regulator heve beed stated 
already. However, there are sons service procedures In addition to the 
alectrical adjusta^nts mentioned previously*. 

, * 

Hechanlcal Adjustments 

These adjustments consists of point alignment, point gap, end air 
gap* Usually theac adjustments are made at ^he time of manufacture and 
aaad navar b« ehaattd. However, if adjustBsata are needed, consult the 
applicable technical publication for procedurea and specif icationa . 
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Cleaning of Contact Points 



ewnta are oad*. Itevtr dk* «nary cloth or s«ndp«p«r to clMn th« points. 
MllBlf actur«TS racoiBun4^1££»Tftnt- aathoda fojc daaning points * Sons 
recooBsnd a spacial flna cut contact flic. Othars recoonaad a special 
spoon or rlffla flla as ahoim. in flgura 119 . 




.'4 *' * *i 




* . , Figure 119. UHng Spoon or 

Riffler File to Clean Flat Contact 
Points' in the Regulator^ 

SUMMARY 

Although this material has been very general In nature. If It is 
thoroughly studied, the purpose, construction, and operating principles 
of the DC charging system should be easily understood. ^ The test pro* 
cedures^'and spadf leatlons^ will be found In the technical publications, 
conanerclal manuals, and student workbooks'. This literature will be 
available for your use during the time you will be using the test equip- 
ment and actif&Jrly making the tests on the charging system components. 

QUESTIONS 

1. What three basic units does the DC charging system consist of? 

2. Why Is tha ganarator regulator aaployad la c^' charging systaa? 

3. What Is tha purpose of the voltage regulator (llmitar)? 

4. What Is the purpose of the current regulator (llmlter)? 

5. What. Is the purpose of the cutdut rel^y? 
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6« Thft iron eon of th« ^iftr«tor Acts m om 2^trf« coi^actor 

7. What dttvlcas are uaei on gaoarators to carry off the heat? 

8. Why is it ao Importfi&t that the heat be renoved from the 
generator? 

9. What ia the basic principle of generation? 

10. What are the three' main functiaral sections of the DC ^ 
generator? 

11. Kow do the variotis regulating devices control the output of 
' the generator.? 

12 • What is the simplest method of controlling the generator output 
on the shunt typ.e generator? 

13. ' What are the two circuits in the shunt type generator? 

14 • What type of! field circuits are used in the shunt type 
g«r»ner3tor? 

15. '..luit is laeant by rhe rems "full field" and •'regulated field?*' 

' . 16. Vhir separates the contact points of the voltage regulator 

unit? 

17. What hol'ls the amuaCure away from the core so that the points 
are in contact when the current regulator Is not operating? 

18. Wiat i& the purpose o/ the common resistor that is inserted 

in the field circuit when either the current or voltage regulator operates? 

19. Why shouldn't the cutout relay points ever by closed by hand? 

23* What is used to clean regulator contact points when they become 
bamed or oxidized? 
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OBJECTiyES ' . 

A£t«r cottpl«Clttg this study guid« and your claasroom Instruction, 
you will bs «bl« to sxplain ths principlaa of op«ratlon, function and 
. relationship of AC charging system compc»iants , and ba able to use visual, 
aiiditory, operational nans and test e quipment to check, adjtist and 
isolate malfunctions in the AC charging circuit. 

, INTRODUCTION 



The chavgiiig circuit is comprised of electrical components that 
work togethet as a team to supply electrical power fpr the current 
consuming devices , such as ignition, lights,' radio, windshield wii>er 
irotors, poiwer seat .and window motors^ air conditioning and heater blower 
motors, cranking motors and many other devices. \^ 

The continual addition of electrically operated accessories In 
today's cars, plus more ^clnft spent In slow speed driving due to greater ^ 
traffic congestloHt has Increased t^e need for a gener$itor wJilch Is capable 
of developing a considerable output of electrical energy not only at 
slow car speedd\ but also at engine Idle speeds. To nseet this Increased 
demand for electricity during slow speed driving and at engine idle» the 
AC generator, or alternator, has be&n developed. It Is sma,ll In size 
and light In weight » but high In performance and output- 

The alternator Is one of three members that make up the charging 
circuit. The other two members are the battery and the voltage regulator. 
The operation of these units should be well understood because poor 
functioning of individual units In the charging circuit may be affected 
by other units or wiring in the dame circuit. 

INFORMATION ' ■ 

Before starting the study of the alternator charging sys.tem, review 
the fundamentals of electricity and magnetism in Student Study Guide 
.3ABR4 7 330-301 in the front of. this book. Although you may find alternator 
systems msi^factured by difj|6rent msnuf acturera , such as t>elco-Remy, 
Chrysler » L^tt^s^^ville, Pr^tblita, and Ho.torola, the operating principles 
are all ve^y similar. The design of the coo^onent parts may differ however. 
The Delco-ftesQr "Dalcotron" is shown^in figure 120, and tb« Chrylser 

alternator i&; fi^a 121. Hota the similarities batween Uuem. . 

...... t. 

THE ALTE»IATOR 



Th« alternator or A0 g^Mrator coavacts sMchaaical action from the 
angina into alacttical energy. The voltaga snd current that it produces 
rachargai the battery sad supplias power ^xattiMeal systam. It if 

a ligiittfaight, high parformanca electrical power plant. 

^ Sa at^ wa» daaipiad to replace the standard 

production DC getterator for ii^ovad lo» spaed output. It was not 
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•Construction of th« AKtmAtor 



Tho iajoT co»p«wnts of eho altomator «r« th« tvo «ad ttaamt, the 
rotor AMoably, and tiho stator windings. As aantlonod bafora. th« 
daslgn 0£ tha altaxnatora say dlffar from manufacturar to aanufaetursr. 
SoM of tha' f aetora whlph datazmina tha daalgn of tha altAmAtors aro 
nounting, vibration, bait loading, currant output, and othar factor a 
auch as dirt, dust, and road aplaah. 

E:jd FBAMES* there are two end fraaaa In tha alternator, the drive 
and frame and tha rectifier and frame, refer to figures 120 and 121* They 
are made of dia-caat aluminiia with air vanta caat Into the fraaaa ^to aid 
In cooling the alternator. Tha two and frttnes are held together by 
through bolts. Theae.are of equal length and size. The stator windings 
are "sandwiched" between the two end frames in the final assembly* 




# ... - ' ,. , , * . . . 

Figure 122, Ste^opAM^ly, 
SSms VS^SI^, ffc» a— ■ ww a ti s m #tafy ir ah ai wi ii^ ftjuf 




122 r Itw tatoi aaaariily cowiat* of tbraa a^parmta viadlata aouBtrnd on 
• latnataH Im fvaaa. Om asd of aatih of tha tliraa atacor wiadlst* i« 
cooMctad to fom • fh ta a jli a a a qBtt# Wm ia Iowmb aa a eonn a c tiqaL 
Tto otMr aad of aae& vlfl^att eaUmd tlM ^nmiaal «ad» iM conaactad to . 

Zil .. « ''. ■ • 
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% pair of di4dM-i«M pMUlvt ^ 9&« Mffttlv*. Thl« pair of 4io4«s i« 
1*^ °^ •••*«*>J-y ^P of. * of al l 44^ii#^-!-.thM* 




aiacuisoo m aoro lOtillTaeor tSla s tijdy guido . 



Thoro ar« cwo roaaom for uains Uirao stator vindiags rathar ttun juat 
one or cw windinga. First, nore voltaga can ba davalopad. Tha total 
voltaga bocwooa a^y two tarmlaal anda always la oada up of tha voltaga of 
at least two Individual windings vrtilch are eonnactad in aeries,. The second 
purpose of the three windings and the manner in which the windings are 
wound and overlapped in the stator is to provide a aelf-Ufflltlng 

control of current output. This bappana through the principle of "induc- 
tive reactance." With this principle no external control of current is 
required. The need for a current regulator as in the DC charging system 
Is eliminated . 



.HE ROTOR .-L55£?.Siy. The rotor assetobly, figures 120 and 121, contains 
a doughnut shaped field coll wound onto an iron spool. The field coil Is 
mounted between two iron segments with several interlacing fingers which 
are called "poles." These parts are held together by a press fit on the 
•shaft. Two slip rings, upon which brushes ride, are mounted on one end 
of vthe rotor shaft and are attached to the leads from the field coll.. An- 
adequate cooling system carries away the heat generated in the windings 
and rectifiers from the current. The system consists of a fan or fans 
mounted on the rotor shaft. Cool air is drawn through the vents in the 
end frame, over the windings and then out of the alternator. The rotor 
assembly is supported in the drive end frame by a ball bearing and in the ' 
rectifier end by a roller bearing,^ These bearings are prelr.bilcated and 
therefore do not require periodic 'lubrication. A grease filled reseiT/oir 
in the drive end frame prolongs bearing life. The roller bearing in the 
rectifier end frame is permanently lubricated prior to assenily^into the 
frame. '' ' 

Prpduction of Alternating Current 

When the ignition switch is cl^ed, current from the battery flows . 
to the rotor. It passes throi^h one bruaii, through the slip ring upon 
which the brush rides, and then, through the field coil. After leaving 
the field coil, current flow continues through the other slip ring and 
bnish before returning to the battery through the ground return path. 
This, flow of electrical energy through the field winding is called field 
Current and creates a magnetic field. ^ 

the magnetlsa created by this field current causes the poles on the 
rotor to b^ostt alternately North and Soutlii^^ poles., It will be shown later 
that thia Mg y t lc fiald la usad to produce altamatlag currant in tha 
stator wiodlai, 

:For purpoaaa oKillua tr a t t oa , th4 aoat baale atator wladii^ caa 'ba 
rapreaaatad by a slagl^vloop of wise placed over tha rotor, figure 123. 
Connecting the ends of tnal^op to a load such as a llgfe t bulb, as shown 
tn f Igwa 123 , cdapla tea rotor turns, the aagBatic 

fiald frosptha Horth and SoutoNrolas aad tha rotor cuts across each wire 
saualag a voluga to ba laducad litfo tha loop. Il^ca xha wire is Influ- 
jAcad altal^tajy aoiiifh pola» tb« ▼oltags produced 

U called ^ altamatlag voltaga. ^\ • 2'' *' 
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ROTATING MAGNETIC HIID 
VOLTMETER 

^^iguTQ 125. Basic Attez'Kator Frinaipl^. 

When a load, such as tha light bulb. Is comxecced to the ends of the 
loop, the alternating voltaga produced vlll cause current to flov fi*: it 
in one direction, end then In the other through the bulb. This Is called 
alternating current or AC current. If a meter is placed In the circuit 
th« needle oovcment will shov that the voltage will cause current flow 
first In one direction and then In Che other. 





Hgupg 124» CanpUtg Sim VW9 
129 
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•hoMn iA th« iXXttstmiaa. 

~ ^Iff^fMit pMleioM of tin rotot u it curnt an shovii in th* diattnt 
bolow cb« horisontAl toUd Una. Th« hoighc of th* curvs «bov« «d bolov 
tlM liorlsoatal Um ohM hew attch voltAt« !• gonoratsd in th« loop of 
wivo M th« atsMtie Unm cut •cross osch slds of tho loop whsn th« rotor 
tunif . Pcsitlvs voltsfs is shoim sbov* chs solid horisontsl lino sad 
asistivs voltsgs bsloir th« lis* . Ths sntirs curvs shows ths voltsgs 
output gsascscsd or ths slsctricsl prsssurs which csa bs asssursd across 
ths ends of ths virs. Just ss volcsgs csn bs nsssursd scross ths tsrminsl 
posts of ths bsttsry. 

» ■ 

With ths rotor in position (1) ths vOltags is zsro. Ho voltsgs is 
bsing gsnsrstsd in ths loop of wire bscsuss thsrs sts no asgnstic linss 

of force cutting scross ths wire. As the rotor turns snd approschss 
position (2) , ths rsthsr wssk sisgnstic fisld st the tip of ths rotor 
starts to cut scross ths conductor, and a voltage is dsveXopsd. ^Aa the 
rotor continuss to turn, the voltags incrsases and reachss its tas^rtm™ 
value, as shown above ths horizontal lin^, figure 124, when the rotor 
reaches position (2). This maxlnua \^ol tags occurs when the rotor is 
directly under each wire in the loop. It is in thiS position thst the , 
loop of the wire Is being cut by the heaviest concentration of magnetic 
lines of force. 

It should be noced in particular that the hei^t of the voltage 
curve changes as the rotor movement continues because the concentrstion 
of magnetic lines of force cutting across the loop of wire vsriss. 
This occurs because the magnetic field is rathsr weak at the tips 
of the poles, and ths strongsst at the center of the poles. 

As ths rotor turns from position (2) to position (3), figurs 124, 
the voltsgs dscresses until at position (3) it again becomes. zero. 
It should bs noted that from .position (1), through (3), ths South 
pole is on top, snd ths voltage curve above* the^horisontal line 
is callsd positive, voltage. This mssns thst the voltsgs will cause 
current to flow out ths top part of ths loop and rs-enter the lower 
pert, when the circuit is conplstsd bstwssn ths snds of ths loop 
of wire. 



As ths rotor turns from position (3) through (5) In figurs ]24v 
ths North pols is on top, sad ths voltsgs curvs is bslow ths horlsontsl 
line. Ths voltsgs curvs is nsgstivs, sad currsnt will Issvs ths^ 
7«PPwr pm of ^ loop «^ T^'SMmr €b« toir iflMs tkm ^i^miz is 
«B^lscs4. Thw, ss tbs top sa4 bettov parts of th* loop of wir« 
iaflusseod ^tmtnmMy Sottb md South polsi» ths ^ur^sAt 
ehtougu th« ldop^of irix« flows first liv^ons dirsottoa and thsa 
in ths odisr* This is sltstastiag eurrsat * 



Figurs 125 portrays ths thrss phsss voltagss, or voltagss bstwssn 
thm thrss wladlag sads^ It ^ iatsrssciai to nets thst ths petk 
velcs^ for sseh ^isss oecttrs at squsl iatsrvsls ss ths rotor tuvas. 
-^is sMms gr^isslly hew Ma^flBB plisss v^esfs is.«ocs as^ly 



eoBstSAt as dsserlbsd in ths prsvlotis dlseusslCBi co'acsraiag stator 

ifiOQS trwtloB • iC ^1 „ 
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FicfUTB 12S, Alternating Voltage (Three Phase), 

Rectification P 

Sine* the battery and other electrical accesaorlee in the tyeteai 
operate on direct eUrrent which flowa in only one direction, it 
is necessary to change the AC current co DC currant . This is the 
Job of Che ritbtifying diodes. A diode is an electrical device which 
allows current to pass freely in one direction, but not in the 
other, tt acts ouch ),ike an elect rleal chaek valve. 




Aft «xt«mal viaw of a dioda i« ahown.ln ji^ur* 126. Th« t » 

4tod«. 1171*01. figurt 127 k iadlc^tcs by th« ar- th*t th« cutxanc 

t<w-- " 

• A cross aactionsi vlay of ti\m d^oda is shown in fi^Vf* 128 
with a chia, silicon wafar, c^llad a ""dia;** in position ac the * 

' bottom o£ the diode cise. tt. is 'the alettVipal characte>rlstics 

of tt» silicon die or wafer which parraits currant flow in the 
•.circuit in only one direction". _ ' , ' . 

Note: Although the diode is a contparatively rugged qom^onent, 
care should be exercised in handling it. Sudden idfacts should . 
be avoided to prevent ;he possibility of cracking the- silicon 
water. If the (Uodesiead is bent excessively, there Is the ' 
possibility of cracking the-'glass insulator, permitting nolscure 
, to enter the diode. Moisturfe in the diode could cause ic to 
^ , short and fail to operate. PulLing the di^de lead shoirld also ^ ' 

be 'avoided to prevent the 'possibility' of breaking the sclider 
Joint between the diode lead and the silicon die. mu^t 
again be used whan soldering the stator le&ds to the diodes as ^ 
excessive heat may' damage the diodes also. ^ 

, ' GSOUNO SRUSH 

OUTPUT TERmINAI « y v— v 

SCREW i^W^^^ / AOJUSIWO _/f-iV SNp PKAMI 

?C3iTivi ■pyTj[f vj^*2\/7 -^tg^kt^i^ia RfCTfflgRS sW^^^W n imf ^^^^^■'^ 

DIODES) ^7S^ 

TiJif>& 129A, ReatV'fisr End ii|L^SH^HB5^*Lat 
Frcsne (ChryaUr), ■ \/Jt^^^^Sw ^^"^^ 

HUT SINK ^^Sf T MOUNTING 
MOMS LUO 

Figure :L29B„ Bectifi^p End 
■ ' . Frane (Del<so)\ 

* ' Six* diodes are located in tM- and fi^^aa assa^ly .nearest 
, we slip rings. • Three of ^^s« ^lodsJ an nvga^ive and all 

are mounted 'directly to the en^ fr»e, 'figure 'I29A. Three 
positive dipdet «f e aousit#4 j^^to a e(;ip> ^U«d '« "ha«t. liiikt " 
figure 129B. which. is insula^'ed from thaand frane. 'These 
dio^^ change t^. alternating or AC cur^nt which appears at 
the output or '*BAT** c-ersilnal of the alternator to' direct current 
fo^ 'the vehicle *rtis«»' , ' 
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BATTIRY 



FigutB IZD^ Changing AC to DC. 



Thm Mthod by which th% dlodtt art connActad to ch« atator 
la khoim In figure 130^ Thla typa of circuit arrangamaat provldaa 
' a snooth, flov of dli^ct currant to tha battary and othar acceaaorlaa 
cormactad to tha altamator. Alao, .tha blocking action of 
tha dlodaa pravanti battary dlar^ arga through tha alttmator, 
Thla allminataa Cha naad for a vatout ralay unit. 



■■*■ 







Th« condftnfl«r coaii«ct«d b«cw««ii eh* "BAT" cernli.a. of 
th« «lc«nuitor mA ground, flgurs 130, protscta th« diod«t 
froa voltags lurgtv «■ they block current flow. 

The Importance of Battery Polarity 

Ut ua con«14«r what •ffsct rav«rM polarity would havar 
and what would happan to output if a dloida should bacoma omu 
or ahert^. A short circuit tteou^ tha 4lodas ia cttXjfi 
if a battary ia Installad and coimactaA , backwards in t^l^vahicla. 
Currant* can flow fron tha poalt^v* taraloal of tha battary, 
through tha nagativa and posltiva dibdas ia't;ha haat sink. 
rro« tha haat aink, a co^latad fircuit exists back to tha 
negative, battary tenlnal, Full battery voltage will* ba ippreasad 
or* applied on the diodes. The resulting high current will danage 
the diodes and the wiriag harness. 

JttnCTB OF AM CUM DKXE, ia ep«^ dlote will net allow 
eurrsttC to fM ia eiiter 41«eetiea. if^epea diode s^Mts 
the lleitlac affect o0 the li|4«icttve. reactance ;Alch nereally 
op p oses eunrent flow.* me, in tunr,. reeulte in loes of^eurtant 
control at high rotor i ^ si d s. Xhe effeet at lew speeds 'is 
an output that is sli^tly lass then norael. ' 

^' 134 
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WOUlATOi UNIT VOITAGII TBRMINAl |Vt 
* RELAY TERMINAL (R) 




INDICATOR AMAP 
RELAY UNIT 



FIELD RELAYS 
UNIT 





fcriMja viiai-ar.. "it"'-' — 




LAMP TERMMAlf ^ 



Figure UJ , Three Unip AC Regulator, 
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EFFECTS OF A SBOSTED DIODSi A thortid dlodft ulIl cUov. 





VISRATIMG CO^TAa TYPE RE6UUT0RS 




-r 

NO. 3 TOUMNAl 
NO. 3 TBUMNAL 
NO. 4 TRMiNAL 



'AOff , 
MEOUUTOR 



Figure 132, Tua-Uriit Regulator* 





At €h« pr«s«tt€ cloM, th« majority o£ eh* •3.t«rft«tor« ars 
coBtroll«4 by ofi« of thr«« typ«s of doublt-coetact voIt«f« 

4 ^ ^ ^ ■ 4 ^ Mi m a 1 ill ll <i — » -A- fcl fcjfc II 



These regulator aa8end>lleB do not contain cutout ralayf or 
currant regulators. 

The Single Unit Regulator ^ 

This ragulacor contains a doubXe^cQncact voltage regulator 
and Is died only £or charging systems with an ammeter « A special 
Ignition switch Is used to energize ^the field circuit. The 
putposa of the -voltage regulator Is to limit the electrlcaJL 
pressure or voltage developed by the alternator « It protects 
the battery and the electrical accessories from ^too high 
a voltage. 



UPPER CONTAQ. 



lERlC 



LOWER 
CONTACT 



ARAAATURE 



SP1tl^4G 
HANGER 




NK109 



Figure 134, Voltage Regulator 
(Cover* Rmovedj (Chrysler*) ^ ' 
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Figure 1^6, Voltage Regulator FuaibU Wir^$, 
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Figure 136, Voltage Regulator 
Besi^tana^ Units, 

The voltage regulator, figure 134, has wo sets of contacts r 
using a, consnon single armature. The upper ai:i lower statlotmry 
contact brackets are loounted on A molded plastic bracket which 
Is attached to the regulator frame by a screw. The upper contact 
bracket is connected to the IGN (Ignition) terminal by a fusible 
wire, figure 135. The lower contact bracket Is connected to 
ground by another fusible vd.re. The armature Is connected 
to the Insulated FLD (field) terminal. Three resistors are 
used ,^ shown In figure 136. Two control resistors are connected 
in parallel with the upper set of contacts, betiraen the IGN ' 
and FLD terminals. One bleeder resistor Is connected between 
the IGN terminal and ground. The bleeder resistor's function 
Is to reduce arcing at the regulator contacts . 

Operation of the regulator will be explained by Illustrating 

the current flow through the regulator. The following explanations 

refer to the Chrysler built- regulator; Other regulators are 
basically the same. 

MOVEABLE CONTACT, CLOSED AGAINST UPPER CONTACT POINT. Figure 137 
illuecrates currmc flowing frda the ignition cerilin«l of the 
regulator k through th« upp«r stationary point, through the 
pp»^l« p«Sii«, raiSiwiftg tbfi9i^ tii« i9t^ fSmM WiX tmt 
titai to ^oirad. Siatsm r— ItMC* in tMs circuit ta lov , —itlttam 
wr«ttt wiU ^ISKt ^roo^ tt» rotor timid coiX. lotor fie24 
iifength vlll ^ Mgti. AltttriiAtor out^t will b« «t it* attxlnum 
for «iy giiwi rotor 99— d. Current flow throu^ resist ore 
414 md <1) t «• 4«»11 a* water O) » la aogllgifel* vtea tbo 
field circuit through the uppor contacts is completed. 

mUABLB CONTACT POINT VIBRATING AGAINST IffPSR CONTACT 
POINT, tfh«n tfa« engine is operating at modorste speed end 
the electrlcel load on the altemeCor is low, the voltage will rise/ 
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* Figure 128, ' Movable Contact 

Vibraving A'gainst Upper Contaat. 

AC this time the regulator points will vibrate. This action 
of the points will reduce current flow to the field windings 
(rotor coil) varying the strength of the magnetic field as necessary 
to keep voltfge from rising over a specified setting. When 
the points are closed .<• maximum current will flow to the field' 
winding; when the points are separated, the current inust flow 
between resistors (1) and (2). figure 138, which reduces the 
current flow to the field winding and weakens the strength 
of the magnetic field. 



MDVEABLS CONTACT POINT OFERATXNG IN "FLOAT'* OR '*BALANCSD** 
POSITION. Hhtfitver a condition exiets where load, «p«*d^ end 
battery d^maads for current are equal, the points will be in 
Clw or "balanced" position. With the points in the 

float position, the current flows only through resistors (1) 

' * '" < " 

- .V ' ' ^ 



139 



Hguf 139, HopsbU Contdet 
Operating in ''Float, " 

And (2), figure 139, which rftduces current flowing to the field 
winding somewhat lower than when the moveable contact point 
was vibrating agalnrt 'the upp» contact point. This maintains 
a weaker field in the rotor coil and limits alternator voltage 
more Chan before. 




Figure 140, htowxble Contaat 
Vibrating Against the Lwev Contact* 

MOnABLB^ CONTACT FOZUT VIBRATING AGAIN^ LOVER CONTACT POINT, 
tftgh t he tngi'"* o p racj^ng **^g** ip—d and thi f Itf CTfitOT e^ 
iliBif currittf otttpuc « AiceriM«%^ wii^f^ ifxxi irivWi vvpn vxcn 
• i««ak asgnetle fUId in the rotor field coll. The rliins voltage 
^i^yj, pull the aow^le centeet feint daun on £he laums ^mSs&t 



^int, vhieh is grottttded* tig!^* THie^ action will not 

^Xgw curxeat to :flnv~ln the field in the coll to a minimum, 
preventing exceseive voltage rise. 
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Figur9 141, Voltage Regulator 
Cirmtita - Lo^r Contast Closed, 



.''ioiiABLZ comer foint clcssd against lower contact poinz. 

When electrical loafl demand Is low and angina speed is high, cha 
alcematdr voltage tries to increase beyond safe limits. However, 
the incraased vo}.tage acting on the voltage coll causf s the moveable 
contact to close on the lower contact. Current flow is through 
resistors (1) and (2) to the field terminal of the regulator. 
Resistance through the regulator armature to the moveable contact 
and thence through the lower contact to ground, figure 141, 
Is much lower than the resistance of the rotor coil. The alteriiator 
field circuit Is momentarily bypassed, 4i^opping alternator outpii^ 
when the lower contact circuit is completed. 

The Two-Unit Regulator 

t 

A doub^le contact voltage regulator unit and a field relay 
unit are contained in the two-unit regulator, figure 142. It 
is used in charging systems having either an indicator lamp ("idiot 
^ light") or an ainmeter. However, the external wiring', on various 
applications, may differ. 

TBE VOLTAQE REGULATOR UNIT, The operation of the voltage 
regulator unit, figure 142, in the two-unit regulator is the 
same as described in the single unit regulator. 

TBE FIELD BELAX.^ UNIT, The field relay unit, figure 142, 
which is the second unit in the regulator, is a single magnetic 
switch which energizes the field coll by connecting It to the 
battery when the ignition switch is closed* When the Igaltlon 
switch is opened, the field relay contacts separatji .jto-dlae^nmect 

etM fUU'cdU ft^su^mJMiutitf^-'''^^ 

discfaarglag ^rou^ the rotor fi«ld eoH ^Aima. tbm MtgiM Is 
stopped. The £i«ld relay mtlt of the tpo-unlt re^ilstor my ^ 
also act an Indicator Unp rftlay on oany appUcAtlona. 

Tht ThrH-l^i t ileguUtor 

Tills regulator, figure 143, contains a double-contact type 
veltfge regulator unit, a field relay unit, and «n iadicatot 
l<s9 r«l«y unit. It 1« uiiid in charging sytt^t ti«tng «ith«r ; 
an Indicator lamp or an auMtcsnr. It Is not Interchangeable 
with the two-unit r«ful«tor* * • , 
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THB FISW l^tAl VHIT, Tha/op«r«tlon of tht, voltat* TAmUcot 
unit, fifur* 143, i« tlw mm M*^«cr^«4 in eht •ingU ubIc 

TBS FIELD RELAI tMIT. Th« ep«t«eloii of eh« fUld tmUy uiilt« 
flguro 143, U th« t«M 'pr«viou«ly doscrlbod la .th« cvo-uaic 
eogulatotr 

INDICATOR LAMP BELAI WtIT, FIGUBT T4S, Tht wtritig of 
charging tytcomt using an indicator lamp ralay it auch Chac 
cha indicator lamp "Ilghta" whan tha ignition avitch la first 
tumad on. ''Than, «rtiati tha aXtamaeor davalopa volt^ga mi b«giaa 
to fumiah pcniar, tha indicator laap goaa "out." This indicataa 
that tha charging ayatam is oparattng noraally. If tha altamator 



fails to furnish powar at any tiaa, tha indicator lanp coma "on"» 
indicating thara la troubla in tha charging systam. 

TRANSISTOR REGULATORS 



REGULATOR 

CONTACT 

POINTS 




1. LIMITED LIFE 

2. PERIODK MAINTENANCE 

3. CURRENT HANDLING 

ABiun 

■ 

4. VIBKATION EFFE# 

5. ADJUSTING 
CONSIDERATIONS 



Figuxv 144, HMgulatop torttaet Patnt LimttaHona, 
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is rMtrietftd b*eAtttt« of ^trttiia llniutiM of th« bootact 




eurr«nt handling limitations, vibration a f fact and adjuating 
cons idar at ions, to ia^roya tha oparatitKi of tha axisting systaos 
and to kaap paea with alaetrieal damands, naw ragulators uara * 
desighad. Thasa veltaga ragulators .raplacad tha convantlonal 
contact points with transistors. 

Transistors ^ 

Transistors ara alaetrieal davicas which act a* alaetrieal^ 
swltchas. Thsy can^^a turnad "on" or ^of f " .to control a circuit. 
A transistor has no moving parts. Its 9paratlon is encir^ly ^ 
alactronic./ Thara appaars to^ba no limit t'p its llfatima providad 
It is usad for tha purpoaa*for which it was dasignad. Tha transistor, 
tharafora, is a good raplaeamant for contact polnta* Battar 
output, incraasad efficlancy, mora reliabla an4«longar Ufa systams, 
. and fewar or no sarvi£:ing requiramsnts are faatures of tha transistor 
which of far graat iaprovemants to tha alec tr leal systam. 




FiJure 146, Trsnsiatoi* Material* 

^OySTBUCTION OF THE TrANSISTOR, For % simple understanding 
of the transistor, it Is best to consldfitr it as an e lie tropic- 
device that has very definite characteristics. Figure 145 portrays 
Che materials that make up the transistor. Note that there 
are v^o pieces of "P" material and one piece of I "N" material. 
The manner- Ih i<Ailch thasa matarV-sls will react Vhen connactad 
in an electrical circuit can ba prodictad. .n*- 
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Figure 148, Tran^atot Conatruation, 

Figure. 146 show* Cha eonsfcruction^'of tha transistor. A laad-^ 
is eosoactad to aach of tha^thraa Mtarlala, callad aaittar , 
basa. and eollactor. Nota that tha col lac tor is tha aountlng 



of tha tr^aslstbr. <^ 




Figure 14?, Traneietor Syrbol, 



Th« cranslscor symbol uMd in xid.rlng diagrams is shown 
in figure 147. Note that chara are only three connections. 
The arrow always points in the direction of current flow in " 
automotive manuals using this symbol. 

> • 
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Figure 148 » TrimeiBtor Appfioranae, - ^ 

Figure U8 shows chl actual appearance •£ the traoeistor. 
Many different types and* sixes of transistors are nanufactured. 
The one shown is the type used in autonotive electrical systetts. 

and ladleacee (hsi MiuMr in which it operateeC Oaly vhsn thfre 
i* matmA ilsm iA the Mlefi^x-beee cireul^t i« ^ec« &xttmA 
£l«v in ch^ eslttf v-colleetor circuit. The ettitter-%«M circuit 

requires only a soall current. Therefore it acts as a ttlggcT 

tiui^ ^^^^.^^^^ , ^^^^^^^ ^ ^ ^ ^^^^^^^ 

The sttall current in the eBitter-^baee circuit ebntioXs n Biieh 
larger current fXoif in Che ealcter-colXector. If there is wo 
matm% flew in ^ «iitt«r b«te circuit, dm timn in noWrent 
flow In Che eoittnr-ccllector circuit. Th**MU«f-bes« ci|cttit 
«Ue act «n n tri^r c» cum the ealtc&iMUccer eirinic »f 
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IF THIS 



THEN 



THIS 



WITH VERY LITTLE CURRENT FLOW IN THE EMITTER-IASE 
CIRCUIT, A GREATEli CURRENT Wi BE ESTABLISHED 
IN THE EMIHER-COLLEaOR CIRCUIT. . 




E 




I IB 

IF NO CURRBIT 1^ HOE • THBI • NO CURRQIT ROW 
WITH NO CURRBiT Fjli^^ IN THE EMITTER-BASE CMCUIT, 

Tilglig ie 




Fi0Uf 149. frmtUtor Opmtim, 



If th« «aiCt«r-b«M circuit of tht craatittor can b« iun4.pulat«d 
«itlt*r OA or off, thfttt thu. •«t«r 'ourtunt c»rrylag «mltt«r-coil«ctor 
i^iC^ iM^ noli 



pine* Qf a MC of c9ntacc 'points. th« •mltt«r-b«s« circuit Is 
th« nMsns by which the smlttsr-collsctor circuits is coi^rollad. 

ORpratlon of the Transistor Regulator 
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signre ISO, TrccKsistcr" Regulator. 

A typical transistor regulator is shown in figure 150. A 
simplified wiring diagram showing the circuit of this transistor 
regulator is illustrated in figure 151. When the Ignition switch 
is closed, battery voltage supplies current through the emitter- 
collector of the transistor tc3 the field coil of the alternator. 
This circuit is complete since the transistor is turned "on" 
by a higher voltage on the emitter than on the base, which permits 
emitter-base current to flow. The flow of the field current to 
the field circuit of the alternator provides the magnetic field 
for the alternator. Wheii the engine is started, the alternator 
builds up In voltage. This cause* currant to flow to charge the 
battery and power the accessories. 

As alcamator speed increases, its voltage build- up to a 
predetermined value. Then the electrical control portion of 
tiMi r*gulacor places a hlghar voltaga, on th« base /O^f the trensistor 
than that on the cmlctar. "nte transistor is tume<i' "off ". With 
j^^^ the amlttar-collector* thera la no currant 

ifiov In the field coll of the alternator. As a result, alternator 
voltage fallt^ to a predetermined value. Then the electrical' control 
portion of the regxiXator places a lower voltage on the base of 
the transistor than that on the emitter. The transistor is 
turned "on**. Current again flows through tlie emicter-collector 
and the field circuit. The magnatlc field is built up In %h§: 
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Figure ISl. Regulator in Charging. Circuit. 
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Figujp0 152, tO^Sl Series Typa 100 D4lootTon With Integral Regulator, 
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«etiM oi tilt trwi'tor ftcti irtgitlAC* tht fisU circuit of tha 




Ifitlgrii Rt9u1ator 
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Figure 253. XnteHor Vim) of Delaotron 
With Integral Regulator, 
ft 

B«glnnlng In 1968, Ottlco-Rcmy b«gan producing a. 8«lf-contalntd 
charging syscui wlch miniaturized Integrated circul/s which ellnlnatas 
the traditional voltage regulator. This unit la ahown In figure 152. 
The ays tern voltage la controll^ by en Integral regulator within 
the alternator, figure 153. In other worda, there la no aepacate 
regulator aouating, no external vlrlng batwaea regulator and 
al t am a to ry no voltage. adjuata«ita for the Ufa of the uftit* and 
«o pariodic stiotaaanGa. 



MAINTENANCE AND SERVICING 



Alternator Servicing 
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Row that wa have aaan how the alternator and the AC charging 
•yatea ia conatructad and how It oparataa, let* a look at a M 
Mtvica pfoeadoraa* The following inf oxaatioa ia gaaaral la 
oatura, ao rafaranca alwaya ahould ba aade to tAm MBufacturer'a 

tha coffract iiafvi^ proaaduraa « 



BSARXNGS* Thdf aXt^rnater rotor it M^^ortod by a boll 
boarlng at tho driy wA mm! < toIIot ^wim at ^o rootlflor 
oad* >och boo rittt Itoo a liAr leaa t o wl y. iftlch oliajnmtoo tim 




chocked to too that thoy aro in tatiafactpry cdndltioa.. Vtold 
tho oitornator i9ttll«y ^tli liw^ 4^ |ha oido play «ad 
fraonoao of rotation to dotoraino tho condition of tho boorlngs. 
If tho bMTi^ aan root^, ooctt« or havo oxcooaivo aido play, 
thoy Aiooid bo irofioeod. 




Figure 154. ' Adcuating, 
Belt Tsn^icn, 
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15$^ Ch§Mins Hit 

FAN pm. Fariedieally tho fan bolt ahould bo oxnlsod f or 
waar or glazing from slipping and bpttooi^g in tha pullay. Raploeo 
tho bolt if nocosaary. If two bolta ara uaa|d, botl| »aat ba roplaeod 



Typioat* 




.^•MH HAD 



MOUMTINO SCMW STUD 



lfA0 TiMt 



Figure IS?, D^lcotrm Brush Bolder Aaaerrbly, 



m t,hm SM tiM. Loom or •Ilppias bolt* «r« fuito eftoii th« 
msam of « nm-down bAttory. Addltiofully, looM bolet e«i 
«m« «xcitt«iv« iwat and boArlag falluro wlU b« tht roMlt. 
"tli^eMi Cb« biiat por vohlclc nmufActurov** «pocif lc«tioa« , 
if Mcooocry, figure 154. Do not overtlght«n the belt ea thlt 
»*H put «a widtie #tr«lii oo tho b««riago end c4i>m f rMMi^o 
bMrlng felluro* A belt teneion Mg«* figure 155* should be used 
to ao^eure proper belt tenelon* Another method uoed to check 
b«lt toMion is to note how auch the belt/csA be deflliieted by 
ptming OD It, figure 156, and coaperlng' to ottiufecturer's 
spoeificatlons. 



BWSHSS, Th« two alt«mator brusjuet ar« uMd Mo carry currant 
through th« two tlip ring* to th« £i«ld •ootl which/ i» sountad 




aarvielngt tharafora, la raqulrad for th* brush* j* Howevar, 

aftar periods o£ extcndsd s«rvlca or at «agln« overhaul tlaa» 

the brushes should be checked to Insure that they are In satisfactory 

condition. If the brushes are worn halfway* they should be replaced. 

Also Inspect brush springs for distortion or weakening. In some 

applications, brushes, springs, and brush holders are replaced 

as a unit. See figure .157. 

^ -iOTOR AS^BMBl'I, The rotor windings may be checked for grounds 
by connecting a test lamp from either slip ring to the shaft. 
A tesc lamp will light if the rotor winding is grounded. To 
check the rotor windings for opens, shorts, "and resistance, 
connect an ammeter in series between the rotor and a battery. 
An ammeter reading above the specified field current draw indicates 
a short, whereas a reading below the specified value Indicates 
resistance. No reading at all would indicate an open in the 
rotor windings. 

STATOR ASSE^'iBL^. The stator windings may be checked for 
opens after it has been disconnected from the end fx,ame. If a 
test lamp lights when connected between each pair of stator 
leads, the stator winding Is electrically good. If a test lanp 
does not light. when connected from any one of the leads to the 
stator frame. It indicates the windings are not grounded. It 
is not practical to check the stator for shorts due to the very 
low resistance c£ the windings. 



TEST WOO 



POSITIVE CAS£ 



RfCTIFIERS 



TESTER 




alternatos 

"•sAf TWMINM 



With Diode f«0Uv, 



DIODES, The preferred method to check the alternator diodes 
la to uaa a •pacial.dloda CMta^r* «• ahown in lisk»ra 159. ^ No 
procfdurc can be given hare because of the different types of . 
dloda tasters available. An altemata method of testing the diodes 
is to uaa a test lamp and a 12«^oU battery. The diodes must 
be dlsconnactad from the stator le^s if this method is used. 



1S3 
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nST UMP 1CST LAMP 

Figure 159, Chaaking Diodaa With Teat Larrp, 

* 

Connect on« of tht tmet Imede to eh« dlod« lead and th« other 
tMt l««d to ch€ dloda c«««, figure 159. Then reverse the lead 
connections. If the leap llghte In both dlrectlone, the diode 
is shorted. Also, if the leap falls to light in both directions, 
the diode is open. When checking a diode, the lamp will light 
in only one of the two checks. 

Regulator Servicing 

The following Inforattlon is general In nature. Reference 
should Always be made to the mMiufacturer*.s manwal for correct 
service. 

VIBBATING COlfTACT H7FE RSGULATOF, Nomally no periodic 
iMrvlclng is required for the regulator. Bowvver, contact points 
of the voltage regulator unit that have escceesive resistance 
or a sticking tendency can cause poor regulator perfomancef 
Thia; la turn, affects tha parforwmca of tha alternator. Whan 
thia eondltloa exiats, tha contacts should be claaaad. The 
ismt^ ft^m MuaM dawA m ttm |^|^^ fm^mt^ 
m a acvty 0^ 400 ailiesn «a^i4a pi9««« 9tnfmt m a tUm^ mmsf 
clotli or ai^^r to daaa doi^la-^tact ' type voltaga ragnXator 

|(9tis A toocy or diaeoloxad eaadlclon of tha coocacea la 
nonal after a talatlvely short period of operation. This 
la sot ea iadlcatloa that elaatflag la aaceaaary* 
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Figur* Z60» Adjuating Voltage 
Rggulator Setting, 




Figure 161 • Ad4uating Field Relay 
Closing Voltage* 



If Ic it MCMtary to Adjust th« voXt«g« rsgulator Mttlng, 
turn th« voltag« Adjusting screw, flgurs 160. tp sithsr iacrsssA 
ttm sAttiag or dscrssss ths ssttlng of the rsgulstor. The flsld 
rslAj closing voltegs is sdjuscsd by bsndlng the hssl iron in 
tte i^naiy iHttstrfd in fijiirs 161^ 



TRASSZST^ ISGULATORS. ths transistor rsgulstor controls 
sltsmstor voltsgs ^ by electronic Hesne « It bes' no swrti^ -^ewte- - 
«s SBployed in the ^rstlnf point type of regulator. Therefore 
00 periodic oeiatsnance or sdjustaent of the reguletor is' required 
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ELECTRONIC REGULATOR TESTER 




REGULATOR CONNECTION 



TRANSISTOR 

REGULATOR 
{CHRYSLER) 



24 



il 



Figure 162* Teeting Trarp^^top M»^l<t^v IHth itm^Pmic 7m^« 





If thft rtgulAtor la tuspttctftd ot nAl£uxietloiijJ&g» It thould hm 
CMt«d « •lActroitlc volt«s« rtgoiator t««t«r, fltort- 1^2. 
. II thii regulator i* foun d to h*. ft- faul t , tt fh ou ld h* cftslACftd^ 

^ _ . . . . ._ . . ^ _. . _ _ •"■ 

Not*: OCL som« ao^«lt of trAnslstor rtgulatort, it Is^potilElai 
to adjust th« vol tags ragulator sac ting ;t 0.6 volt. Ramova 
tha plp« plug md laaart a acrawdrlvar Into' tha slot. Turn 
tha scrawdrlvar dockwlaa ona or two nocchas to Incraaaa tha 
aattlag, or, ona or two ootchas count arc lockwlaa to dactaaaa 
tha sattlng, figura 163. For aach notch inoved, tha voltaga 
sattlng will changa approximately 0.3 vole. 




Figure 162. Ad^'uating Ti^ansistcrSottas^ 

Because of the many different types of transistor regulators 
that are manufactured, always be sure to obtain the appropriate 
technlpal order or manual to prevent damage to the regulator's ^ 
transistors when working on the charging system. y ^^^ 

WIRING SERVICE ' - 

A visual inspection will often reveal much useful information 
relative to the condition of the charging system. All wiring 
should periodically be visually Inspected for frayed or damaged 
Insulation. Faulty wiring ahould be replaced. All terminals^ 
should be checked for loose or corroded connections* High resistance 
reaulti&f fros lov^ or corroded coimectiona between the alternator 
and the bat eery wlU cause a lowering of the charging rate to 
the battery. Taniiiia)|ls should be cleaned and tightened if necessary* 

' TROUBLESHOOTING THE AC CHARGING SYSTEM 

Alternator charging systens are completely diffarcnt from, 
the direct current charging system circuits previously studied. 
Therefore, none of the troubleshooting checks tised for the direct 



eurme tytmu eaa b« u—d for th* AC «yttM». Mot* tttiwtlAt 

m cro^lMhoot, it 1« viM to o^ttra eh* folXowiiif nventtim. 

^gA U w - «ti4o «o ««ft ^ taa^ «r ' 




1. , Wh«a Installing a battary, Alw«y« mako abcolutAly tura 
tho ground polarity of tha battary and tha ground polarity of 
cha altamator ar« tha aaaa. If a battary of tha wrong polarity 
la connactad into tha charging syataa or if tha battary 1» ravaraad 
%fhaii inttalliag tt« tha battary la dlractly thortad through tha 
dlodas. Coniaqudntly. tha diodes and tha vshida wiring ara 
andangarad by high currant flow. Bumad wiring hamasa snd bumad 
**opan" dlodas probably will ba tha raault. 

2. Whsn connaccing a booster battary, isaka certain to 
connect tha negative bactary posts together and the positive 
battery ports together. Failure to observe this precaution will 
result in the same damage as prevloualy described. 

3. :;h«n connecting a charger to the vehicle, connect 
the battery charger positive lead to tha positive battery post 
and the charger negative lead to the negative post of the battary. 
Failure to follow this procedure will result in the same damage 
described in (1). 



4. NVver V paraLe the alternator on an open circuit. With 
no battery or eidutrlcal load in the circuit (open circuit), 
the alterr^ior can build up high voltage which reay da:nage the 
diodes and louid be extremely dangerous to anyone who might accidentally 
touch the alternator battery terminal. Before making tests or 
on-che-vehicle checks, It is wise tor make sure that all connections 
In the circuit are clean and tight. ^ 

3. Do not short across or ground any terminals on tha 
alternator or regulator. Any circuit purposely set up by grounding 
or shorting any of the alternator or regulator tarminala can cs^usa 
serious electrical malfunctions that might endanger components 
of tha electrical system. 

6. Do not attempt to polarize tha alternator. Unllka 
the DC generator, tha alternator's polarity cannot ba lost or 
changed. An attempt to polarize, tharefora, can, ba of no value 
and can cause damage to tha altamator diodes, wiring harness, 
and otliar systems. 

Complain ta or troubles i^alvad in tha charging syst«S 
m t«n«irally alchar an ov^xemxtmd battary m under ehargad I ' 
OM. Thtiaa eoaplalnjcs can ganarally ba quickly ^eorractad. 



"Ovtrchanjed Batteries 



A battary that is baing ovareMsrt*^ la da tae tad by axe«aaiv« 
lifttar uaaga. In cases of axtrama overcharge , tha electrolyte 
level stay ba far below the top of the platea. Since only tha 
portion of the platea that Is covered with eleotrolyte la ueeful 
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4«mAg« it dofw. Wattr uaag* la thM* e«Mt ftxcftada ch« nornftl 
u««g«of oM ounct of w«t«r p«r ctll taeh 1,000 nllct of driving. 
In cam %^mf ovtvekfttglag 1< o«iMd by •xt^oaoly trstMi 
volt Ago. cho.hlgh volcAgo my aloo b« teAglag to volcago Maolelvo 
«cc«o«ori«« ouch as light bulba. To corvaet this altuation and 
to corract tha ovarckargad battary ^oaditida, tlia ayataa voltaga 
oust b« lovarad by althar an adjustmant of tha voltaga ragulator 
or corraption of any tr^ubla in ^ha charging circuit. Chaek la 
ordar: Tha battpry condition » wiring, voltaga ragulator. 

tindercharged Batteries 

An undarchargad battary la ona that "runs down" or baconaa 
dlachargad bacauaa of l^ufficiant capacity to dav^op aufficiant 
\'olcaga to crank cha angina or powar tha alectrical accaatorias. 
Thara will ba almoat no watar uaaga in thaaa caaat. To corract 
tha undarchargad condition, which will ahortan battary Ufa, 
tha syatam voltaga nmat ^ba raisad by aithar an adjuatmant of tha 
voltaga ragulator or tha' corractlon of troubla in tha charging 
systam. Chack tha following in ordar whan looking for tha cauaas 
of an undarchargad battary: Fan bait tenaion, battary condition, 
charging aystem wiring, alternator output, and then tha voltaga 
regulator. ' . 

SUMMARY 




The alternator produces electricity by magnetic induction. 
The conductors are cut by magnetic Unas of force as tha rotor 
is. rotating within the stator^ To start tha production of electricity, 
the alternator requires currant from the battary to flow. through 
the windings of tha rotor, producing a magnetic fiald in the poles 
of tha ro^or. The pole pieces of the rotor do not have residual 
magna tiam as tlM pole pieces of a DC ganarator hava. Since 
the rotor poles alternate north and south, whan rotating, tha 
current ptoduced ia AC currant. Dlodaa, or ractifiara, change 
the AC currant produced in tha atator windings to DC currant for 
the vehicle* a uaa. A voltaga ragulator controla fiald currant 
flow to the rotor to limit the naximim safe voltaga output from 
tha alternator. Tha Ap charging syatam does not uaa a^Sbtout 
relay or a currant ragulator. 



Questions 



1. What i^ tha signifieaiit advtttaga of tha altamator 

in co^arisoa to tha DC ganarator? 

2. What ia the purpoaa of tha wlftdlnga of tfaa altamator 
atator? 

* ^ . 

3. *of what thraa main units doaa tha altamator ayataa 
conaiat? ^ . 

■ ■ • ' * ' • 

4. lOiat are tha main conpoaanta of an ai.taniator7 

* ' ' 



5* itator It eoapAVtd to what cowp on wit in cha OC 




7. Wjiat cool* th« h«at s«Mra^«d by th« rtctlfUri? 



8. How is cht rocor shait aupp^rtad and what lubrication 
la provldad? 

9. la ch« DC ganarator currant that If ganaratad in th« 

annatura i* AC. Th.« AC is converted to DC through tha conanutator 
and brashas. What unit itf^tha altamatof convarts AC to DC? 

10. %'h-ara are the diodes moun^d (as\ studied in this lesson) 

la thd alternator?' - ^ \ 

11. What is tha purpose of the voltage regulator? ' 

12. Why is a transistor regulator preferred over a vlbratlnl 

contact point regulator? 

13. i;hat is Che purpose of the field relay unit in tha 
alternator regulator? 

- 14. How is arv:ing of the voltage regulator, points reduced? 

15. What coTT.ponent within the alternator prevents the 

sattery, from discharging back through the alternator? 

10. To have naximum current flow to the rotor coil, the 
Koveabli regulator point "must be touching which fixed position? 

17. '.Vhat is used to check tha diodes in an alternator? * 

IS. What is used to check transistor regulators? 

19. What should be used'' to clean dirty regulator contact . 

points? f 

20. " What should be checked if the battery ia continually!- 
being overcharged? 
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OBJECTIVES ,j , , 

Upon compieijion of this workbook you will be able to: 

Identify various electrical symbols and explain their meaning. 

Construct electrical circuits and measure volcage, amperage and 
resistance in the circuits. 

Inspect, service and test automotive batteries. 
EQUIP.MENT 

Basis of Issue '. 

Auto Electrical Board 1/ student 

Batteries ~ 1/student 
Hydroneter 1/student 
Battery-Starter Taster ^ 1/2 students 

Hand Tools 1/student" 
Sp^ial Tools l/studeat 

L'aing this workbook as a guide for scep-by-step procedures and 
inportir^t information, perfona each task as outlined and as directed 
by the instructor. , . ■ 

Exercise 1 
Identify electrical s>Tnbols.. 



•v. 



2^' 



1 



PIOCIDCKI 



1HP0RT4CT mf<»UIION 



I* X4«Rtlfy q£ th« 
•l«ccric4l tys^ol* ia 



k: c Of) V 



In t¥e tpics wrltft the corrtci: 
nsM df th« symbols in figurs 1. 





n. 
s. 

T 



a. 
b. 
c. 
d. 
e. 
f . 

&• 
h. 

i. 

J. 
k. 

1. 

m. 

n. 

o, 

p. 

q« 

r. 
t. 



Figure 1. Electrical Syt^ols. 
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ExtrciM 2 

Construct a strict circuit » tMtture voltage and a^aragc at 



lS3 
. V 1 



r 



1^ 



Figure 2. Series Circuit Using 
One Light Bulb. 



i 



/ 




Figure 3. Setles Circuit Using 
Three Light Bulbs. 



PROCEDURE 

1. Connect a s^ies circuit 1. 
vich one light bulb as 
shown in figure 2. 



2. Connect an ammeter in the 
circuit and note the 
amount of amperage, 

3* Connect a voltmeter in the 
circuit and note the amount 
of voltage. 



4. Observe the brightness with 4. 
which the li^t bulb bums 
and the heat produced by 
the bulb. 



IMPORTA.\T INFORMATION 

Remember! In a series circuit, 
current flows in a single path. 



2. Ammeters are always connected 
in series. Amperage: 



3* Voltifiecers are always connected 
in pi^allel or across the circuit. 

Voltage: 



<?5 ^ t ^ 




'Infonwcion eoluan. 



5. 



furniiliM th* fMUimM jor ch« 
circttit . th« v«l£it« mliftd to 
haXh iM ^ntt mtaml to 



Allewtt tlw volt«^ of th« 
bACUry to £orc« oaXy ♦ c«rt«ln 
•aount of eurr«at through th« 
circuit. Thi* bulb is asdo to 
op«ratt on 12 volt* and should 
bum to its full brightness. 



6. Connect the three light- 6. 
^, bulbs on the trainer in e 

series circuit as shown 
in figure -3.. 

7. Read the meters add record 7. 
their readings in the. spaces. 

8. Observe that the light bulbs 8. 
bum rather dimly. 



Volts : 
Amps: 



9. Read paragraph 9 ll the 
information column. 



9. 



In this series circuit, the 
electric current flows through 
the resistances of the three light 
bulbs. The total current flow 'is 
less than in the previous circuit 
where only one bulb was used. 
Also, the light bulbs do not 
bum to full brightness due to 
the smaller current flow. 




Figure 4. Measuring Voltage Applied to One Li^t »ulb. 
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10. Changt th« voitMt«r 
I«adt to th« pot le ion 




ficor3'''lKinillF''fiSr^g . ' 



12. Bnov* th« veltateor l««d* 12. 

Iron ch« terminal's of the 
one light bulb end touch 
them CO the tensinele of 

the aeeonci light bulb. 



10. Thit meeturee the voltege applied 
to the tetninels of one light 
bulb. 

11. ^U»^ 




13. Read voltmeter jmd record 
Che reading. 

14. Remove the voltmeter leads 
from the second bulb and 
touch them to the terminals 
of the third light bulb. 

15. Read voltmeter and record 
the reading. 



13. Volts (second bulb>: 



14. 



16. Read paragraph 16 in the 16. 
information column. 



15. Volts (third bulb): 



When current flows through 
resistances such as the light 
bulbs in the circuit, a voltage 
loss occurs. In this test, the 
voltage measured at the terminals 
of each light bulb is the amount 
of loss within that bvllt. The 
sum of all voltage losses in a 
circuit is equal to total 
voltage applied to the circuit 
at its source (in this case, 
the battery). 



Exercise 3 



Construct parallel and serieS'parallel circuits and measure 
their voltage and amperage. 



PROCEDURE 

1. Connect a parallel circuit 
on the trainer as shown 

in figure 5. 

2. Read the meters and record 
their readings in the 
space. 

3. Note the brightness with 
which the bulbs bum. 



1. 



IllFORTANT INFORMATION 



2. Volte 1 



3. 



As^s; 



5 




Figure 5. Three Light Bulbs 
In Parallel* 



Figure 6. One Bulb In Series; 
Two Bulbs In Parallel. 



Determine why the light 
bulbs draw more current 
when connected in parallel, 

5. Read paragraph 5 in the 
information column. 



6. Cpnnect a terles-parallel 
circuit im th« tvAliMr as 
in flgar« 6. 



4. 



5. 



6. 



7. RMd the taamfv «ad obMrv« 7. 
Che brightness of the light 
bulbs. 



During this test the same voltage 
is applied to the terminarls of 
all units connected in a parallel 
circuit. In this case, th# units 
are light bulbs; each one is 
conducting current in exactly the 
same manner as when connected in 
a c,ircuit by itself. The total 
current flow, as measured by the 
ammeter, is equal to Che current 
flow of all light bulbs added 
together. The total reslstaiice 
of Che circuit is less Chan che 
resistance of one light bulb by. 
icself. 



2^ 



6 



?r. 




8, R«cord th« r««dlagfl in th« 8. 
•pac« . ' 



parallel and tha ochar bulb la in 
•«rla«« idV of tha currcat chac 
flowt in tha circuit tauat floW 
through tha aariai bulb. 
Tharafora, tha aar^aa bulb buma 
brighter th^n the parallel bulbs. 
If the seriea bulb' goes out, all 
the bulos will go out. 



Exercise 4 



Clean and service batteries. 

PROCEDURE 

I, Practice all safety 
precautions applying 
to the project. 

Clean and inspect the 

bacterv* 



a. Clean terminals and 
clamps. 

Note: Negative post has 
stnaller diameter. Positive 
post has the larger diameter. 

b. Clean holder and battery 



1. 



c. Inspect the battery. 



IMPORTANT INFORMATION 



Caution: When removing battery 
from vehicle or trainer ^ alvays 
disconnect the grounded cable 
first. 

a. Corrosion should be removed 
periodically from the 
terminals and clamps. Clean 
with cleaning tool. 



b. Use wire brush and baking 
soda solution for cleaning 
the holder. When cleaning 
the battery top, the battery 
vent plugs should be tightened 
and the battery top sprinkled 
with soda solution. Whan 

tha baking soda solution has 
stopped forming, flush top 
with clean water. 

Caution: Haki aura that none of 
tha solution gat« Into tha battery. 

c. Check for craclcad caae, 
bulged caaa, electrolyte >- 
level, etc. 



Figure 7. Taking Specific 
Gravity Reading of a Batcery 
With Batcery Hydrometer. (A 
Closeup View of 1280 Reading 
Is Shown at- the Right.) 

Exercise 5 



Test a battery, 
PROCEDURE 



IMPORTANT INFORMATION 



Use the battery hydrometer 
to test specific gravity 
of each cell lAW 
TO 33D6-3-4-1, page 12. 

Record the reading In the 
spaces provided. 



Have Che lattructor check 
your project. 



1 . 



Perform the batcery capacity 3. 
test lAW TO 33D6-3-4-1, 
page 13. 



Refer to figure 7. 



Cell ni 
4: 



2: 



3: 



5: 



6: 



Hote: Electrolyte bums the 
skin 1£. lef t in contact for any 
length of time. It also destroys 
clochlng» therefore BE CAREFUL! 

Refer Co figure .8 for proper 
connecclone of che Y-20 Baccery- 
Starter Tester. 



4. Instructor's Initials: 



9^ 



JO 



8 




Figure 8t Battery Capacity lest. 
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^ ChAnutft ATI* tXUaeU 




BATtCTY ikilD HAfiMgfO TftHTTTOM ^fffFMIi 



oTOcffvis 

: * ' 

^Upon coapUtiofirj»f workbook yoa will b* abU tot 

Idoatify units of th« Ignition lyttAm and ftxplaln th«ir purpoM. 

R*pAlr and ssrvlct ignition' systtm component •. 

Chock, adjust and/oi: laolata malfuactions In «ch« Ignition 
system, * 



EQUIPMENT 



Banch I taint 
Unlvarsal Diagnostic 
leater (UDT) 
Tach-Dwall T«stat 
Volts- Amp Tastar 
Timing Light 
Oscllloscopa 
Spark Plug Cleaner 
CooQon Tools 



Basis of Issua 

1/atudant 

1/2 studants 
1/2 studants 

1/2'atudants 
1/2 students 
1/3 students 
1/6 studants 
1/student 



PROCEDURE 



Using this workbook as a guide for stap-by-stap procedures 
and Important Information, perform each task as outlined and as 
directed by the Instructor. 

Exercise 1 

Perform coll taats using the Universal Diagnostic Tester (UDT). 



PROCEDURE 

,1 

1. Practice all, safety 
precautions applying 
^ the pro j act. 

2. Obtain technical 
piiblication. 

3. Parfora all coil casts. 



IMPORTANT INFORMATION 



1. 



2. Rafar to TO 33D6- 3-4-1, pages 
108-111. 

3. Uasdla this a^ipsant with c«r«. 



\ Exarcisa 2 

Perform condansar taats using the Unlvarsal Diagnostic Tastar (UDT). 



MOCIDQII 

1. PrK«ti«« iJrl Mftty, 





1. 




2. Obtain C«chnlc«l 
9iibllc«tl«A* 



2. 



3. T«sc ch« cond«ns«t. * 3. 

Ex«rcls« 

R«iBOv«,^ ■•rvicft, tasc and Mpl«c« 

PROCEDURE 

1. Practice all safacy X, 
precautions applying 

to the project. 

2. Remove secondary wires 2. 
from the spark plugs. 

« 

3. Reinove spark plug* using 3. 
special spark plug socket. 

4. Wipe the spark plug clean. 4. 



UUv tj» TO 33D6-3-4-l» 
pafM 81 and 82, 

Hotat Kuaeroua ilXuttrationt 
eontaiaad tharaln ara vary 
valuable. 

Handl* this aquipoant with cara. 



apark pluga. 

IMPORTANT INFORMATION 



Use proper tools while performing 
this procedure. ~ 

Care/" should be taken not to 
damage porcelain of spark plugs. 
They are easily broken. 




•11IS.C 



Figure 9. Filing Spark Plug 
^ Elactrodaa Square. 



12 
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square off eh« •l«^ero4« 

«with « f£l«, M tho«B 
In flfttr« 9. « 



«l«ctrod«t «nd lntlu4tor. 



U«e air prtssur* co clean 
away Xoos^'^particXas from 
spark plugi. 



5. 



<2 



catting spark pluftf will ba shovn 
bv cha li^tcructor. 

Notat Claan porclaln aa raqulrad 
and maka sura alactrodas ara 
filad aquara. 

Ufa procactlva garmaoc and gogglas 
for protacclon of ayaa. 




Figure 10. Gapping Spark Plugs. 



o. Adjust air gap bacween 

center and ground electrodes 
as shown in ^figure 10. 

9. Test spark plugs. 

10. Replace spark plugs In 
engine. 

11. Connect secondary wires 
to spark plugs. 



12. Start tk^ engine. 



S. Use proper feeler gauge and 
obtain specifications from 
vehicle manuals 

9, 
10. 



11. Rafar to aanufacturar's 

spaclflcation for corract firing 
order. 

12, tiatan andobaarva angina for 
cylinder aiaain§ or backfiring 
and rccliack to s«a if you hava 
ravirad ignitibn syscam in tha 
corract saquaBG4. « 



^3. Scop tha angina. 



13. 



t 



13 



EacArclM 4 



Adjust Ignition points < 




1. Rraovs tiis distributor c«p. 1* 



, i 



2. Remove rotor* 

3i Adjust Ignition point. 

a. Rotate distributor shaft 
until rubbing block on 
movable contact is on 
high point of caa lobe* 

b. Obtain the proper gap, 
using the appropriate 
tool or Inatmoent for 
gauging* 

c* Locsen hold-down screw 
of stationary Ignition 
point. 

d. Rotate adjusting screw 
until proper setting has. 
been obtained. 

e. Recheck ignition points 
to insure proper setting. 

4i Have the Instructor check 
Che project. 



2. 



3. 



On cwvMktlonsl distributors, 
unsnsp aetal clips that hold 
distributor csp in placs. 



a. 



b. Use. publication to obtain 
proper settling. 



d. 



Contact points should grip 
feeler gauge lightly (if 
gauge is used) . 



e. 



4. Instructor's Initials: 



Exercise 

Tine engine by timing marks. 

PROCEDURE \ 

1. Practics all safety 1. 
prscautlons applying 
to ths project. 



IMFORTAKT INFOBMATIOK 



2. Perform prsopsratlon 
inspection. 



2. Chsck fusl* oil and coolant levels. 



14 




3. lUfflovft #1 iipark plug 



Ut« spark plug socket . Cart 

should b#yua«d aet fio ^iraak 
ipaik plug porcalatn iMulaior. 




dead cental of comprasslon 
acroke* 



hole and crank angina ovez' slowly 
vith tha atartar tad faal/ for 
compression. 



Caution: Turn th« •iigl^« with 
short Jabs on the start«r switch 
to prevent going past tSC (top 
dead center) and past /the timing 
mark, figures Il« 12 and 13. 




iJSC &TC€l SAIL 




Figure 11. Flyv^eel Timing Mark. 




OECitfE MASKS TIMtHC MASK 1101 

Figure 13. Typical Pointer 
Mounted Degree Markii. 



riMMC foum Mctn mams eioia^ 



Figure 12. Typical Pulley Mounted 
Degree Marks. 

5. Line up the timing mark 3. 
with the pointer. Turn the 
crankshaft of the engine 

until the ignition 
timing mark is in line 
with the pointer. 

6. Position distributor 6. 
rotor in accordance 

with the vehicle manual. 



7. Position distributor cap so 
#1 wire well is directly 
in line with the rotor arm. 



7. 
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With distributor cap in position, 
you may use a chalk mark on the 
body of the distributor In line 
with the #1 wire* well in the 
distributor cap. If the distributor 
cap Is removed, you should turn 
the body of the -distributor until 
the rotor is in line with the chalk 
nark. When the cap .is replaced, 
the cotpr should line up with th« 
#1 wirm w»ll. With th« rotor Is 
this position, the pointe should 
be just breaking, Ihl« cm be 
checked by turning on the ignitioo 
switch and sparking the primary 
wire against the distributor 



2 



CO 




priaary taminal post. You ahould 
th«a turn th% body of ttw 41atribucor 
•lil^tly until no ^«rk oceurt. 



d. ^^ace «p^rk plug wlros 
vcordlng to rotation 
and firing ordor. 



8. 



9. Start the engine. 



9. 



With tha diatributor cap and rotor 
in potition, you should raplaca 
tha spark plug wirss according to 
tha propar rotation and firing 
ordar. This inforoatlon should ba 
obtainad from tha applicable 
technical publication. If no 
publication is avallabla, rotation 
of the diitrlfiutor rotor can be 
determined! observing tha aovament 
of the rotbr while the engine 
crankshaft is turning. On sons 
distributors, the rotation is 
Indicated by an arrow on the cam. 
Another method of determining 
rotation is to check the movement 
of the rotor againvt the governor 
weight springs. The direction the 
rotor moves Is also the direction 
of rotation. Many engines have 
the firing, order cast on the 
engine manifold. A popular 
firing order for 6-cyIinder 
engines Is 1-5-3-6-2-4 and is 
used on GMC, Chevrolet and 
Valiant engines. If In doubt, 
consult the manual. 

If the engine does not start, you 
may check for spark at the spark 
plug. Backfiring indicates the 
engine la not properly timed. 
You are now ready to set the 
timing accurately with a timing 
light. 



S£— - 



Exerclse 6 

Adjust timing with a timing light. 
PROCEDURE 
1. Connect the eimina light. 



a. Connect the timing light 
and adjust the engine 
timing. 



0 



2S3 



BgOKTAMT DgOBMATIOH 



1. Always sat timing to spaclfications 
with eha use of a tioing light. 

a. Thia information is available 
In TO 33D6-3-4-1. 
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Figure 14. Timing Lighc Connections. 



Connect the battery 
leads of the timing 
light to the battery 
with the red clip to 
the positive post and 
black to the negative 
post. 



b. Refer to figure 14. 



Connect blue spark plug 
lead of the timing light 
to the terminal of the 
^1 spark plug wire at . 
the spark plug. ^^ 

Start engine and operate 
at idle speed. 

Clwek «iiittt«' 141« spMd 
with a tacbOMter* 



Caution: The engine should 
be stopped 'to prevent an 
electrical shock! 



d. Refer to manufacturer's 



e. 



specifications . 



On aoam- ugltttt equipped 
vith a vftcutsi advsDCs 
Mchaaisfi, it tmf b* 
MCSSMTX tA^41«co&Met th« 
vacuiM advMce unit. Check 
■anufacturer'a spAClficAtione. 



PC 4 
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f. Ala ciaing Xlghc «c 
claim aftrk. 



£. Th« flMhing Melon of cho 

cia^tg li^t aftk«t thm eiaiaf 
oArk 99$A»T to fttaad s£ill • ^ 



2' 




Figure 15. Timing Mark in Line 
With Pointer. 



h. 



Advance or retard timing 
as necessary. 



Secure the distributor 
mounting screw, 



2. 



1. Renove the timing light. 



Have the Instructor check 
your project. 



g. Loosen the distributor 
mounting screw and turn the 
body of the distributor until 
the timing mark is in line 
with the pointer, figure 15. 

h. With the timing mark in line 
with the pointer, tighten the 
distributor mounting" screw. 
The engine Ignition system 

is now in perfect time. 

1. Stop engine before removing 
the tlalng light to avoid 
a shock. 

2. Instructor's Initials: 



Bx«rcls« y - " 

.3 ........ ^ ^ 

Analyse engine Ignition systea using an oscilloscope. 




iprii;.t.lgi:..jtll. ii,fit y . 



CO chtt pro j tec . 

2. Obtain prop«r 
pxiblicatlont • 

3. ConfMcc o«clllo«cop« 
to engine. 

4. Perform costs «• directod 
by tho instructor. 

5* Hsvs tho instructor chock 
your project. 



2. 

3. 

4. 

•V 

5. Instructor's Initiels: 



Exercise 8 

Disesseable and inspect the nagneto (bench item, high tension type). 



PROCEDURE 

1. Observe all safety 
precautions applying to 
the project. 

2. Disasseable assigned 
magneto. 



IMPORTAirr INFORMATION 



1. 



2. Make of magneto worked on: 



The magneto will be disassembled 
according to instructions from the 
instructor. 



3. Inspect the component 
parts of the magneto. 



a. Examine breaker for 
condition of points. 



3. 




All parts should be thoroughly 
inspected visually for serviceability. 
Check all electrical lesds for good 
condition of wiring and terminals. 



a. 



Points must contact each 
other squarely with fall 
contact surface. Badly 
pitted points require the 
replaceaent of the breaker^ 



b. EKMlAe CM iOt VMS. 

c. Byawlne tba distributor 
coDfaet s«rf seas for 
pitting or bumlifs. 

Ressseoibla the magneto. 



4. 



2 
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S. IUv« Ch« Instructor ch«ck 
your project. 



5. Instructor*! InltlAls: 



1} 






^9/ 
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V«hlel« HAixit«ii«nc« Branch 
Chanuta AfB, Illinoia 




3ABR47330-HB-303 




OBJECTIVES 

Upon coBplation of this workbook you will ba abla to: 

Identify components of crankijig aotors and starting systems and 

explain their purpose! 

Repair and service starting system components. 

Check, adjust and isolate malfunctions in the starting circuit. 
EQUIPMENT 



Bench Item Starters 

Armature Tester (Growler) 
Sattery-Starter Tester 
Common Tools 



Basis of Issue 
1/ student 
1/6 students 
1/2 students 
1 /student 



PROCEDURE 



Using this workbook as a guide for scep-by-stap procedures and 
important information, perform each task as outlined and as directed 
by Che instructor. 

Exercise 1 
Disassemble the cranking motor. 

Note: The disassembly steps will vary considerably according to 
the type and construction of the cranking motor. The following 
information will apply mainly to the type of cranking motor that 
will be found during the time spent in the 3ABR47330 ccurse. 
Disassembly should proceed only so far as is necessary to make 
repair or replacement of the defective parts. ^ 



PROCEDURE 

1. Select the proper tools 
and test equipment. 

2. Disassemble the cranking 
motor, figttr* 16. 

a. DlscMuieGt starter 
switch (if ttaed) or 
solenoid from the 
aotor teraiinal on 
the starter frame. 



1. 



2. 



IMPORTANT INFORMATION 

Always use the correct tool and 
use it safely. 



a. 
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Flgiire 16. Disass^ifibled Scartar Motor, 



b. 



Remove brushes from b. 
brush holders* 

Unscrew the thru bolts, c, 
figure 16^ and remove 
the cocgmutator ^end frame 
and field frame assembly* 

Remove the armature from d. 
the drive housing* 



Follow the directions of 
your instructor* - 

This will separate the drive 
housing. 



Exercise 2 

Inspect, repair or replace parts on the cranking motor. 

PROCEDURE IMPORTANT INFORMATION 

1, Check armature to commutator No Make sure that they ar^ properly 
leads. soldered. 



2. Inspect the commutator. 



2. 



a. 



b. 



Clean commutator if 
necessary. 

Inspect brushes. 
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Burned commutator bars are 
sometimes' caused by an open circuit 
in the armature. . 

a. Use 00 sandpaper for cleaning. 

b. If brushes are worn down to 
lese ehM 1/2 their original 
length, they oust be replaced.. 

' If brushes are belas replacmd - 
they should be reseated as 
shown in figure 17. 



:eric 



Flgura 17. S«t««tlng Bruak«s. 



r 



Check brush spring 
tension. 



c. Uss spring tension' gauge, 



Examine brush holders 
for bent or damaged 
condition. 



d. 



Check armature for: 



(1) Short ' circuits. 



(2) Open circuits. 



(3) Unvan^d grounds. 



Check th« field windings 

for : , . 

(1) Unwanted grounds. 



f. 



The instructor will 
demonstrate these tests for 
you. 

(1) Short circuits are 
located by using the 
growler . 

(2) Inspect the points where 
the conductors are 
joined to the commutator 
bars. 

(3) Use a test lamp and 
test points. 

The Instructor will demonstrate 
these tests for you also. 

(1) Use test lamp. Connect 
OM iMd to the flald and 
tlM other Xm4 to tt» 
starter frame. 

Hotet If the mojor has a shunt 
coll , the shimt ^11 must be 
dlsconnaeted befoVe making 
this test. 
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(2) Op«n eireuiti. 



(2) Connect CMt 1«a4« 
to tttdt of tha fUld 

6^4.. .... 





ExttrclsA 3 
R«ai»«nbl« and ft ch« cr«nklnt no tor. 



1. 



PROCEDURfi 

Reastonble the cranking 
motor. 



IMPORTAirr IKFOttUTIOK / 

1. Reaaaaobla In tha ravarta 

procadura of that uaad in tha 
dlaataaabXy, flgura 16. Maka 
sura that all laads ara correctly 
attached and that bruabaa ara 
installed in holders and idaklng 
contact with tha cooautator of 
tha armtcura. _ 



12 VOLT 
BATTERY 



SOLENOID 




BAT. S 




CRANKING MOTOR 



Figure 18. Circuit for Cheeking 
Free Speed of Creaking Motor. 



f — ^ 
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2. Motor thm erttklag aocor* 




2. Aftor r— ifcly, connoot o tettoxy 
to tlio eraokiat aotot toniaAl i^d 




3. Havt tho instructor chock 
your work. 



tirminAl and tho **S" torMlaal on 
tho soloneid. Tho .eronklng sotor ^ 
should rot«to £r«oly* / 

/ 

3. Instructor's Inltislst 



Exerclso A 

Test chs starting circuits on th« vehicls. 



PROCEDURE 

1. Maks ths chocks for 
excsssiva resistancs in the 
cranking notor's insulated 
and groiind circuits in 
accordance wich 

TO 33D6-3-4-1. pages 16-18. 

2. Make the starter amperage 

draw "test. 

3. Have th^- iastructor check 
your project. 



1. 



PffORTAOT liffORHATION 



2. Use TO 33D6-3-4-1, page 19. 



3. Instructor's Initials: 



Note: Use tne space provided below for any additional notes on 
che maintenance and testing of the cranking motor. 



\ 
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Vthielt MaiACefuac* Branch 
Chuuct AFB,'lUinois ** 
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DC CHAaBIMG SYST2H 



Upon coapl«^loa of chit vorhbook you will bm ablo cot 

Idoacify uAica of « DC chAtglng •y«c«a aad^icpUiA choir funcclon. 

» - 9 

Repair and tarvica DC generacors and DC charging syicom coopononts. 
Check, ad j use «nd isolac<' malfunctions in a iDG charging tyacom. 

EQUIPMENT ' ■ • .*' 



Banch Icam Canaratora 
Banch Icam Ragulacora 
Amacura Taatar (Growlar) 
Volcs-Aatp Taatar 
Tach-Dwell Taster 
Spring Tension Gauge 
CofODon Tools 



Basis of Issue 

1/studanc 
1/studant 
1/6 students 
1/2 scudanta 
l/2''scudent8 
1/6 'seudents 
1/studant 



PROCEDURE 



U$ing chis workbook as a guide £or step-by-scep procedures and 
iaportant information, perform each cask as outlined and as directed 
by the instructor. ' ' 

I 

Exercise 1 

Partially disassemble the generator. 



PROCEDURE 

1. Partially disassemble the 
generator. 



1. 



IMPORTAirr INFORMATION 

The procedure to be followed 'will 
vary according to the generator 
construction. 

( 

Kocai Diaaaaambly ihould proceed 
onZy so far aa is necessary Co make 
repair or replacaaanc of the 
deface Ive parts. 



a. Xanove thru bolts, 
frama. 



c. Remove armature 
aatairiiiy. 



a. 
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M txmm may hava to ba 
looaanad by lightly tapping 
edge vich a plaatl« haaaar. 

Armature, pulley, fan,' and 
drlva and frafla are ramovad 
aa an aaaaobly. 



1. dh«ck.th« armatur*. 



2 . Check and claan tha 

conanutator. 



i 



J2. 



Um IHFOIBUTIOM 

If coils ara looaa in slots or 
imsoldatad froa coaoutacor, cha 
arttatura should ba raplacad. 

If cha conautacor is badly saarad 
it should ba turnad; if slightly 
worn or dirty, it should ba sandad 
with 00 sandpapar. ' 



3. Test' armature for: 



a. Short circuits. 



3. 



Use a growlar for this chack. . 
Place in growler and slowly 
revolve while a hacksaw blade 
is held above the armature 
core. Short circuits will 
cause the blade to vibrate 
against the core when it is 
held above the sloe containing 
the shorted winding. 



b. Unwanted grounds. 



c. Open circuits. 



Test generator fields and 
terminals for: 

a. Unwanted growds. 



4. 



b. Open circuits. 



b. 



c. 



b. 
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Use test lamp with test prods. 
Place one tesc prod on the core 
of the armature and the other 
on the commutator. If lamp 
lighes, the armature is 
grounded . 

Open circuits in the armature 
are usually readily apparent. 
This condition causes burned 
commutator bar3. Growler ma> 
be used for checking. 



Use test lamp' prods on field 
tarmlnsl and frame. If 
lamp lights, tha field ia 
gce<si4iHif 

Plaea east Xrn^ pvods at two 
ends of field circuin. Tha 
lamp should li^t. If it 
doaa aoc li^rv the field 
circuit is 'open* 
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Short circtt^tt. 





t fi«14ft ia MfflM with 
«r mair « b«t€*r7 of 



5. Ch«rk brush holdnrt. 



A 12 vole «7ic«m. 



««ps for 



5, Uhar* XdcAtod, ^ock for Mcuricy 
of mounding and\tho Inaulatod 



brush hdldor fori grounds. 



Exsrclse 3 



Reasaenble and make brush spring tsnslon t^sc . 




=ERIC 




Figurs 19. Hsssurlng 9rui^ Spring 
Tsnslon on Osnsrator With Tsnslon Gauge. 



0 '^2 7 :r 



■I „. ... ,,,,, 




2. Ch«ck Irtish spring cmtion 
.as shown In flgurs 19. 



dlsMssably. 



Tttttion is clMckcd by a»ssuriag 
with A spring ouities gaugs th« 
pull r«4uir«4 to rsiss bruslws, 
brush sms, or holdsrs froai th« 
contact position. Replace the 
springs if the tension is not as 
jpecified. Spring tension found 



Exercise 4 
Bench test reassembled generator. 
PROCEDURE 



1. Observe all safety 

2. Make a motoring test. 



1. 

2. 



a. Make the correct 

connections for motoring 
test on ,an "A" circuit 
generator, figure 20. 

b* Make the correct 

coniieccions for motoring 
test on ^ "B*' circuit 
generator, figure 21, 

\ 

3. Have the instructor check 
your project. 



IMPORTANT INFORMATION 



Note: Connected properly, che 
generator should motor at a 
steady speed- 1# everything is 
operating properly. Refer to 
figures 20 and 21 for correct 
connections. 



a. 



b. 



3. Instructor's Initials: 



Exercise 5 

Check out -.be charging circuits «nd adjust the units, in the 
generator regulstur* # 



PROCEDURE 



IMPORTAyr INTORMATIOS 



27G 
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Figure 20. Connecticns for Running 
Generator ("A" Circuit) as a Motolr. 





Obtain the applicable 
ptd)llcatloii«. 



2. 



List references used: 



Check out the charging 
circuit and adjust the 
applicable test 
equipment . 



Hav^ the instructor check 
your work. 



3. Because of the different types of 
test equipoient' that nay be used, 
alwtiys refer. to the applicable 
publications for the correct 
procedure . 

4. Instructor's Initials: 



Note: Use the space provided below for notes pertaining to the 
checking of the DC charging circuit. 



2-M , 
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Chanutc AFB, ZllinoU 





OBJECTIVES 

Upon coapl«tloa of this workbook you will b« abl* co: 

Xdenclfy unlcs of an AC charging circuit and explain their function. 

Repair and aervlae AC charging system' componenta. 

Check, adjust and Isolate ma] functions In an AC charging circuit. 

\ 

EQUIPMENT : 



Bench Item Alternators 
Bench Item Regulators 
Diode Tester 
Tach-Dwell Tester 
Volt- Amp Tester 
•Belt^ Tension Gauges 
Common Tools 



Basis of Issue 
1/student 
1/student 
1/12 students 
1/2 students 
1/2 students 
1/6 students 
I/student 



PROCEDURE 



Using this workbook as a guide for step-by-step procedures and 
important Information, perform each task as outlined and as directed 
by the instructor. 

° Exercise 1 

Disassemble an alternator. ^ ^ 

Note: The following Information concerns the Chrysler built 
alternator system. Although other manufacturer's wlllr vary the 
design, location of components, and test' procedures , the ptlnclple 
is the same. Always refer to the factory manuals for correct test 
procedures and specifications. ^ ^ 



1. Remove brush assemblies. 



1. .To prevent possible damage to the 
, \ brush a^s^^lles^ they should be 
removed before proceeding with 
Che dlsasse^ly of the alternator. 
Refer to figures 22 and 23. 




42x106 

Figure 22. Rcoovlng or Installing Insulactd Brush. 



GltOUNO MUSH ASSIMILY 




Figure 23. Rtnoving or Installing Ground Brush. 



lUuaovs insulated brush. 
Remove retaining screw, ^ 
lockwasher, nylon washer, 
and' field te^nal. 



a. 



BfSpeve insulated brush. 
Rcaov* the retaining 
•cf«v 9m4 lilt th* dip, 



b. 



The insulated bmsh is 
mounted in a plastic holder 
that positions the brush 
vertically against one of 
the slip rings, figure 22. 
Carefully Xitt the plastic 
holdar cmt^jiaittf the spring 



froB th« end l»using. 

The ground brush is placed 
against the rcoaining slip 
ring mud i# rt t alacd in a 



» 



^nng and bnisk usably 



hot4«7 is iBtcfTSI with 



wh«n rtaevlng th« insulAtsd 
brush. 



2. !Uaov« the chru boles. 



2. 



1^ 




OtIVE {NO 
SHtClO 





^RtCTmER END 

STATOR— ^ viv mi > • ^ SWRO 

63x108 

Figure 24. Separating Drive End Shield From Stator. 

3. Separate the drive end 3. CAUTION: The stator is separated 

housing pulley and rotor with the rectifier end frame to 

assembly from the stator prevent damage to wiring, figure 

and rectifier end housing 24. 
assembly. 

Exercise 2 

Inspect the alternator. 

PROCEDURE ' '* IMPORTANT INFORMATION 



1. Inspect slip rings for 1. 
indications of oil, being 
burnt or worn. 



2. Inspect brushes for signs 2\ 
) of sticking. in holder 
or housing. 

3* . Xnspsct the besriag surfaces 3. 
of the rotor shsft st the 
rectifier end sad the 
besriag. 

m 

4. Inspect rectifier (diode) 4. 
lesds, sspecislly st 
cottusctions for gosd 
contsct, slso inspect 
Insuistion. 



1. Testing potltlvs case diod«« 
In th« h«atv»f{ik. 



1. Spscial cool or dloda t«tt«r is 
us«d to CMC th* diotf* r*«ttfi«rs 
without op«nli|ig th« "7" connttctlon. 
Duo to th« ohdtt loftdo ot th« **T" 
connection it lo difficult to 
soparate tham. Th« tostcr will 
tave tlma and it accurate. 




TO '»AT" 
TIltMlNAi. 




POSITIVE CASE 
fttCTIflCfiS . 



igure 25. Testing Positive Rectifiers (Typical). 

a. Refer to figure 25, 



-i- Plug diode tester into 
llO-volt supply. 

b. Connect alligator clip 
of tester to the 
altematcr "BAT'* 
terminal i 



b. Caution: Insulate alternator 
from metal bench during test. 



c* Touch the bare metal 

of each of the positive 
case diode lead •wii;es in 
the heat sink at ehe^ 
diodes, 

da- Read the lueter. 



c. 



d. 



Always contact the connection 
nearest the diodes . 



The reading for each ^lode 
should be the same. The 
reading on the meter will 
indicate twoor over for 
good diodelv 



2CO 




m 
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Eigure 26* Ttssting Negative (Typical). 



T^sc :i<2gacive case diodes 
in the end housing. 

a. Connect alligatc^. clip 
or diode tester to 
the end hcfusing. 

b. Touch the test prod to 
:;;e base wire of- the 
iiode leads at the 
diodes* 

Meter will indicate the 
condition of the diodes* 



2, Refer to figure 26. 



a. 



b* 



The test indications are the 
same for the, negative case 
diodes as for the positive 
case diodes in the heat sink. 
However, the meter will 
read at Che opposite end of 
the scale. Refer' to item Id 
above. 




WOOD 



Figure 27. Testing Stator For Grounds (Typical). v 

3f 



3. iMt thm stAtor for troii&d*. 3. a«f«r fifm 27. 



eer«, and contact tha 
V otbar ffo4 t« ••ch of 
tha thraa atator laada. 

'4. Taat tha acator windlnga for 4. 

opan circuita. 




atator wlndinga/ ara grouadad. 



a. Contact ona prod of tha 
taat lamp to all thraa 
atator laada at tha 

'T* connactlon. 



.. • 



Contact Mch of tha thraa 
atator laada at tha othar 
and. 



5. Test the rotor for grounda. .__ .5, 



a* Contact ona prod of 
the test lamp to one . 
of the slip rings. 

b. Contact the rotor ahaft 
with the remaining teat 
prod. 



6. Test the rotor for opens, 
shorts and excessive 
resistance^ 



St 



Connect an a^mnater In ^ 
series batvaan the slip 
"?lngr and a battery of 
tha specif lad voltage. 



4 



a. 



Tha taat lamp ahouXd light 
whan tha prod contacta aach 
of tha- thraa laada* If tha 
taat lamp doaa not 11^^, the 
atator winding la opan. \ 



6. 



The taat lamp should not 
light * If the lamp doea 
light, thla Indicates that 
the rotor field coil is 
grounded . 



These three checka can be made 
in one step. 



a. 



b. 



Connect one aanetar lead 
to one alip rlngc Connect 
ground lead to the other 
rlng.^ 



Field^ current draw ahould 
be appr^idaataly 2.5 ampa. 
No reading jon the ammeter 
tndicatea an open circuit. 
A higher than apecif led 
* reading indlcataa a abort 
(/ircult while a lower than 
apeci fl ad readlag iadlcatee 
•aceesalva rasistaaee. " 



ter veadiag: 




9 

% 9^ - 



2^ 
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PROCEDURE 



1. Position the stacor on ch« 
diode and housing. 



3. Align che thru bolt holes 
through the drive end 
housing 9 stator and diode 
housing. 

4. Compress stator and both 
end housings together by 
hand, 

5. Ylnstall the thru bolts, 

\asher», and nuts. , 

6. Install the insulated 

, brushy IScf^washers » nylon 
washer y 'and terminal screw. 

7. Install Che ^rotmd 4rush 
and attaching screw./ 



3. Rotate the pulley. 



1. 



Posltlon^hs rotor and drive 2. 
end housing assaobly on the 
diode and housing. 



3. 



4, 



6. 

7. 
8. 



9. Hava tha iiiatjrwitor cltack ^ 9* 
your projatc. 



IMPORTACT IKFOBMATION 

Maka sura that all of the diodas, 
connections, stator leads, and 
condenser leads (Internally 
installed^, if used) will not 
interfere with the rotor fans. 



By hand and slowly.^ Tnls is to be 
sure that' the , rotor * ians do not 
hit the dioda and stator 
cofinectlons . . — 

■ • 

ZikSCruetov*s Initials: _^ 



^rclsa 5 



Test the AC dharglng system. 



« F 

/ 



{a 



to you" 
by ch« lascructor. 

2. H*v« tti« ' iMtructor ch«ck 
your projACC. 



2. .Instructor*! InlclAUi 
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O&JECTXVS 



Aftftr conplptlag this study guld«/worksh«st sad your clsssroor lostructlOi.. 
you will bs sbls to tsst and isolats mslfunctlons of vshlcls Ignition syst«m 
cotitpoa«ncs by using sp«cl«l tsst squlpaMnt. 



JEQUIP^OT. 



Opsrstionsl Engina Trainsrb 

Oscilloscope \ 
M«chanic*s Toolkit 



Basis of Issut 

r/2 studaats 
1/2 students 
1/2 studants 



tNT80DUCr|0N 



the ktudy guide portion of this lesson contains information relative to 
thtfi dcsc^pcion, purpose, principle of operation, and operating inatructions 
of the 43«i»e ignition analyzer oscilloscope. The worksheet portion contains 
procedures for the use and operation of the oscilloscope for testing the 
ignition system components. « ^ 



OPR! TSDT 
OI8TRIB0TIO»»* • X 
TSDT - 550; TSOC 
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Figure 1-1. Portable Engine Ignition Analyzer Oscilloscope Model No. SS-S 




1^ 




1-2, This manuai conUins operation and maiiue* 
nonce instryctioAs Wi a n^pair parts list for the 
Portable Engine Iirnitipn Anatyzer-OKUloscope. San 
Electric Corporation Model No* SS^3. This equip- 
menr will be referred to throu^fhout this manual ^ 
the* oscilloscope, (See figure 1-1), 

AiiiO included in this manual is a brief expla- 
.■Kaiv;n >1 the jic illoscope principle ot operation, 
'.wavt'iorni or portrayal interpretation and ignition 
tests and troubleshooting procedures* 

1-4, DESCRIPTION AND PURPOSE 



1- 



^T4w-^;»sci: Iniarnpp iiiL-ludinK the accessor y kit> 



(seo ::i;ure l-l) is a seii-fomained unit requiring only 
external electrical power for operation. The 
*>sciUos»copt» operates on a power source of 115 volts, 

tiO cycle, smgie phase current. ■ 



The oscilloscope is designed to display in a 
•iike picture, the operating events of spark 
Aeration systems used on military, automotive and 
' utbo^rd marine encines. The accessory kit contains 
es^ennai t.m-;iro aaapters lor waterpcooi ignition 
systems, 

1-7. OSCILLOStOPE PRINCIPLE OF OPERATION 

fhe'o^illoscope screen may be compared to 
a i;rapn is iliuatraied m ii^ure 1-2. The v^frucal 
^;:ie Tf^presents voU34;e ^^'hile the ho r i 2 o n t akiine 
reprost- iiiii time- Sincc^ the oscilloscope waveforms 
reprej^ent voltage m relation to time, the oscilloscope 
;s especi^Uiv uselul when measurih*; :\ cnanjjing volt- 

1-9. Fu^re 1-2 depicts a constantly chanijmk^ volt- 
,ij;e aurin,; a period .<>i one isecond. divided into 
quarters. From a starting point on the zero line. 
voUa^e increases steadily until it reaches its maxi- 
mun» positive value ot *2 volts at time Ti. From 
this point the voltage decreases steadily to T3 its 
maximum ne&:ative value of -2 volts. Durini; the last 
quarter of a second the voltage begins to rise again 
until ;t reaches 0 volts at time T4. 




v«rticai movtiii«iit m§mc%'^^^^^SfrSpri^HB 
a voltagt of on* jK^arity whta tli» trac* is abovv tint 
zero liM, and o( th* oppMtte poUjruy b«low^tlvt zero 
line* TMmoTVf w oscumkiac waveiortn aoove sua 
below tht zmn lint, rtprvMnts AC voltage. 

* *" 
1*11. ItorlsonUl movtmeiit of the trace represenu 
time. However^ wbeatte oscUIoscope is used for 
testing lgtiiti<Mi systems, time is not measured iA 
seconds or minutes twt in degrees of distributor 
rotation. For example: when testing an ignition 
system of a six cylinder engine, the system will cycle 
six times for every one revolution of the distributor. 
Dividing six into 360 degrees equals 60 degrees of 
distributor rotation for every one ignition cycle* 



1*12. If the'bscUioscbpe trace is adj|tisted sb^liat 
one complete ignition cycle starts at 60 degrees, and 
ends at zero degrees on the dwell scale of the osciUo- 
scope screen, kny portion of the waveform can be 
accurately measured in degrees 01 distributor 
rotation. . % v 

1-13. WAVEFORM INTERPRETATION 

1-14. Correct and accurate interpretation oi oscil* 
loscope waveforms is essential to proper ignition I' 
system analysis., Waveforms, either primary or 
secondary, depict' ignition evente as they occur in 
the engine. . Malfunctions in an ignition system or 
4lefective Components will distort these waveforms, 
thus indicat;i\j|(a problem. The location and shape of 
the distortion determines the type of problem and its 
probable location. 

1-15. ■ PRIMARY WAVEFORMS 

1-16, Since the application of this oscilloscope pro- 
vides mostly primary waveforms, this waveform is 
examined first. The prim^v waveform consists of 
ttfree sections: THE FIRING SECTION. THE INTER- 
MEDIATE SECTION, and the DWELL SECTION. (See 
figure U3). 




Figure ^1-2. Voltage Measurement in 
Relation to Time 



Fiffire 1*3, Basic Primary Waveform 



Um tnttint M 




pMc'tates ThU MCtlM dlaplayt a twto^cl 

rapid oicUUUoM xtmt ute ptaA in tte IgttttM pri- 
mary circuU dariAf ite actual firla« o( a ipark plug. 
Point A riprMnts ttit in«twt «l widch tte brta h w 
poijtta acparmlt. Point B indlcatM til* acoul firing 
point Ql tte tptrk pjug and rotor ganp. Lint AB it 
rtf«rrad to an tte firing Uno. 

b. Tte v#rticni riso from A to tte dimin* 

iahlng onciUationg that toUov, rtprtneiit tte repeated 
charging and diactergtng of tte condenaer while tte 
sparic plug le firing* An tte apark bridgea tte ipnrk 
plug and rBtor gaps and energy la draped from tte 
cod. the amplitude, or teight, of tteae oecillationa 
^iminishea until the apark ta extinguished, aa In^* 
dicatedat point C. Distortion In this section indicates; 
— tfAcesalv e ly hig h re ststane e in th e s e c o n i fc u ry ci rctt i t. T 
badly {ouled apark plu^t or arcing of tte points upon 
ii^ning. Tte negative peak of tte firing line may also 
be affected^ 

I- la. INTERMEDIATE SECTION 

a. The bitermedute ^Section la seen as a series 
of i^raduaily diminishing oscillations that represent 

. the ener^', remaining in the coU after the spark is 
extinguished* This remaining energy dissipates It- 
self as an oscillating current that gradually decreases 
until the contact points close at {feint D, Distortion 
in this section will be in 'the form of missing oecll* 
lations* which indicates a defective coll* condenser, 

'♦-or improper Dwell. 

' 1-19. D«VKLL SECTION 

a. The DwcU Section begins when the distributor 
contact points close at point D, The point close 
signal can be observed as a faint downward line from 
point D to pomt E. Tte Dwell Section Is represented 
bv ihe horizontal line which extends from point £ to 
the point F. It is during this period thgt tte points 
remain closed, and turrent flows In tte primary 
circuit. Distortion in this section will te in tte point 
close signal and indicates an adverse condition of tte 
breaker points. The distortion may take tte shape of 
a retrace, or a slight break in tte point close signml. 

l-2a SECONDARY WAVEFORMS 

1-31. The secondary waveform* though somewhat 
different in shape, is a direct reflection of tte primary 
. waveform. (See figure 1-4). Tte secondary waveform 
consists of tte sapie three section* as tte primary, 
thai U, tte ririnjl Section, Intermediate Section, and 
tte Dwell Sectio|r 

1-23. FOUN&llCTION 

a, Tte Pirii^ ejection of tte secondary mvtforte 
is con^Qged of cRiy two Itea* Tte tirm is Firing 
Ltee, a vwtieat tet ttei iw i tggtw tte wattage re« 
' >iired to ovwcosae tte ^park and ro^ gaps. 

Tte sgcQod is tte a^k Line, a torisontal line ttet 
Indicates tte iroltagg reqiiired to maintain tte spark 




Figure 1-4. Secondary Waveform With 
Primary Waveform Comparison 



rm^r 



b* After the spark plug fires there Is a sharp 
drop in secondary voltage to point C. As tte spark 
continues to bridge the gap, tte spark voltage re- 
mains at a fairly low, but constant value until tte 
spark extinguishes \t point D* Distortion in this 
section Indicates, excessively high resistance in tte 
secondary circuit, badly fouled spark plugs, or arcing 
of the contact points on (4>enlng* 

1-23. INTERMEDIATE SECTION 

a. The Intermediate Section, which Immediately 
follows tte Firing Section, is seen as a series of 
gradually diminishing oscillations that represent tte 
energy remaining in the coil after tte spark is ex- 
tinguiahecL This energy dissipates itself as an oscil- 
lating current that gradually decreases as it ap- 
proactes point E. This oscillation results from tte 
combined effects of tte coil and condenser in dissi- 
pating this energy. DistortiM in tte IntermediiUe 
Section will te in tte form of missing oscillations, 
which indicates defective coll, condenser, or Im- 
proper Dwell. 

1-24* DWELi. SECTION 

a. Tte Dwall SecttoA represmU that period >af 
time during tte i^^ttlon cycle, whm tte brester 
p^ika art closed. Tte Ow^ Sectlcm begins it point 
K wteft tte dlstiiteiof fiwitafrt pdttls cloggy dosiDg 
tte pottig CMSgg a start dgwvwaN Ite fdUowed by a 
scrigg a< small, ri^lAy diflaifilahl^oscillationg# 
Yte Owgll flection ffttiiwiee until tte points spaa ai 
tte beginning of tte nen firing cycto (FoiBt 
Dlstogtlon in ttds sectiofi indlcatM an idvsrss poliik 
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2.1. OP£RATmG INSTHjUCTIONS 



N 

2-4. OPERATING PROCSmmE 




Waterproof Ignition Sytttma 



2-3. This secuon covers operation of the oscillo- 
scope, when used cm "Katerproof ignition systems. 
Some of the controls are preset and n^ not be ad- 
justed each time the unit is used. Othew'&re adjusted 
accordmkjto '.he operator's preference, or as required 
by the pariicuiar tests. No special safety precautions 
need be observed while operating this unit. However. 
It should be treated with the normal care and con- 
sideration -tiven to any piece of electronic equipment. 
Avciu rough ->r ibusive handling. . 



refer, to figure 2-1. 

a. Attach power cord (2, figure 1-1) to the rear 
of the oscilloscope case. Insert other end of power 
cord into a llSv ac power supply* ^ 

b. Set power switch (10. figul-e 2-1) to ON. Whtn 
the power switch is in the ON position the pilot lamp 
(7, figure 2- 1) should Ught«,, 

Non 

If the pilot lamp fails to light Hspect ac power cord 
connections and proper voltage power supply. Press 
circuit breaker RESET button (8. figure 2-1). 
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10- 
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1. 
2. 
3. 

•5. 
6. 
7. 



Focus Control 
BrigMnsss Cmtrol 
Trigger Stability Control 
Eiqiaad Cratrol 
Trigger Pickup C<»inector 
Reset Button , 
PUot Light 



8. 

9. 
10. 
11. 
12. 
13. 
14. 



Pattern PiSkap Connector 
Parade Control 
Power Switch 
Pattern Kei^ Control 
Polarity Switch 
Vertical Position Control 
Bezel Assembly 



Figure 2-1. OecilloMdpe Comrd Pftnel 

V 3 



control lowb (4, f^uro 1-1) 
astf ^ art la Aiiyiflu^ T**tff 




cylindtr. 



4. Aa«a parade central knob (», fir^re a*l) as 
MUined in step c. The parade knobad)uau horizontal 
poaition of the waveform and permita parading of in* 
divii^al cylinders across the screen* for closer 

examinatiun* 

^ e- Rotate pattern height knob (11 • figure 2-1) to 
an upruht position. The waveform height or vertical 
. «uin is controlled and adjusted with this knob. . 

f. Set polarity switch (12. figure 2-1) to match 
polar ity ot the vehicle battery ground terminal. The 
polarity j>w Itch chances polarity of the ^v^e^orm. 



Rotate vertical position knob (13. figure 2-1) 
to on \:pri^hi position. The vertical position of the 
wavetorm IS controlled and adjusted with this knob. 

h, AdjUi^t the trii:ger stabUity knob(3. Iigure2-1) 
as outlined ;n scop This control eliminates hori- 
2nnt.u nun*-niern or roil of the waveform caused by 
improper svnchroni;:ation of the oscilloscope with the 



j. Adjust focus coourol knob (1, fifure 2-l> as. 
OQtliMd in step gp Tte focus kiuAv focuses the ^urave* 
^forir for maxiaium clarity and shall be adj^ed 
wbMever the brightness ctMttrol knob (2, figure 2<*I) 
is changed. 



2-6. OSCILLOSCOPE CONNECTIONS TO ENGINE 
WATERPROOF IGNmON SYSTEMS 

2-7, Connections, The following connections will 
provide only a Primary Display WaVeform* 

a. Remove adapter ^plug fr om dis tributor* cap. 

b. Install primary pick-up adapter, (7; figure 

I'D. " , ^ 



c. Connect red lead of the pattern pick-up to the 
primary pick-up adapter. 

d. Connect black pauern pick-up lead figure 
l-l) to a suitable engine. ground. 



2. *r.i3ark TMu.. 




Figure 2-2. Trigger Pickup Lead and Adapter Coimections 






/UtMb tricgtra4ipt«r« (S, flfii^l-Utotimliic 
*cyUadtf iptrk pHig. 

g. CofiiMct tifluiic cyliiidtr qMurk plug caU« to 
triggtr atf«pltr« ' ' ^ 

* • 

h, CooAKt trtgftr pick*up lead (4, figure 1-1) 
OS the otcUloecope to the trigfer pick-up jidapier as 
ihown in agure 2-2. 

I. Sec polarity twitch (12. ft^re 2-1) to snatch 
the vehicle battery ground polarity* 

' j* S?t the trace oa the zero line, using the verti- 
cal position contrdl. 

k. Start engine, and ad^st idle speed if n^etsary. 

U Observe waveform, and adjust the spark line 
height to line 1, using the pattern height control. Ad- 
just the remaining controls for the desired posi^n, 
cl«urity and brightness* It waveform appears to be 
unstable, or is moving horizontally across the screen* 
adjust the trigger stabilization control j 3. figure 2-1) 
until tKe waveform is steady. 



m. Stop engine. 



NOT! 



If the *A-avc*form cannot be stabilized wUb the trigger 
srobiiuution control it is possible that the trigger 
;yiindt?r sparic plu^ is badly foUled, tn thi/ ivent 
st(jp the dciiT^rfe and install the trigger .ulapter on the 
spark pIuV iot the alternate ti"^ing cylinder,^ The al- 
ternate cimi^if cylinder can be determuied by dividing 
iMo iirir.^ order in half, and arranging the two halves 
m the form of a fraction* The timing cylinder and its 
alternate cylmder then will be pranged one above the 
>tner. Fur exan^le, if No. one cylinder is used to 
time a sl\ cylinder engine whose firing order is 1*5- 
3-6-2-4 the alternate timing cylinder isNo. six. Ar- 
ranged as a fraction, the firing order becomes: 
1-5-3 

which shows that cylinder Nq^. one and six are the 
timing cylinders. 

3-1. TESTING WATERPROOF ICa^mON STfSTEMS 

3-2. Cranking Coil Output Test. This test reveals 
the avaa^ility of voltage required to fire the rotor 
and spark plug gaps* Proceed as follows: 

a. DisccMiiiect one spark plug wire. Isolate th^ 
wire so that a 'spark camoi jump to ground. 

b. Back idle speed sertw out lar eMy^ to allow 
the throttle plate to lUoee cooE^etely, thus preventliii 
the ef^ine from starting. 

^ c* Crank englM only long enough to note the coU 
output. Height of firing line should increase ip^oxl- 
maiely to 11m 1* (fee ftgpre 3-1}* 



:ER1C: 



:2or, 




Figure 3-L Coll Output Waveform 
Engine Cranking 

3-3, Results and Indications* Low coil output: Low 
battery, defective ignition primary circuit, failure of 
resistor by*pass circuit, insufficient dwell, excessive 
distributor resistance, defective coil or condenser. 

3-4. IGNITION SYSTEM POLARITY TEST 

3*>'5, Incorrect ignition system polarity can result 
m 20 to 40 per cent higher voltage required ^to fire 
spark plugs. Proceed as follows: 

a. Set polarity switch 1(12, figure 2-1) to corres- 
pond >vith vehicle battery ground polarity. 

b. Start engine and run at idle speed. 

c. Primary waveform should appear as illustrated/^ 
in figure 3*2. 




Figure 3-2. Primary Ol^>&y Waveform 

3-V ReaulU and indication** Inverted waveform: 
vehicle battery polarity reversed. No waveform or 
stntgiit improper eoA or uapr p pey e«rtt wire 
conneotloiis, ^ 

3-7. DWELL XBBT 

DweU ft the mimber o( dtstrtbutor degrees ttat * 
the contact poiata remain closed during each ignitlott 
eyele* To perform tte dveU tMt, proeeed %m loltoms 




<r^ Lowtr waveform , to iMu u, toucliM tlit dwtll 
Acal* at Um bottom «< th* owiUoKOfit terMn. 



The point <;lo«t.flt«tfal M^mt** thodMrto* at 
Bo Mr* to rtad tho profik.r M«lt. 



3.9. R^ntt* and IndteAtiono. Dw«u rudisg vttittn 
th« 9pe(;i(ication:-ifnitioii potnu art oporating 
normally and arc apaced properly. Dwell rfadinc not 
wttJun «p«cificatton: iiftpropw pomt ^acut*. wrong 

• i^iitt aJBembly. pomt rubtoin'g block dtfective, point 
nibbmg block mjiali({ned.,ijorn d i ».t r ibutor cam. 

-3.10. DWEtL V.\iUATION 

3-U. Du«il variation i« determintd by noting anv 
dwell change x$ the engine u operated at dUferm't 
, speeds. Excewive varianon indicates a change in 
point jpemng that may result from tha/t or bushing 
wear, or frbm the distributor plate shifting because 
ot v<far or looseness. To observe dwell variation 
not* the following: 

i. Distributor Dwell at idle speed. 

b. Dwell indication at 1000 RPM. Dwell indica- 
tion s-ouid not cran^e more than 3 degrees on most 
ve.lic.es. Reier to vehicle's specJications before 
ooncenjning dijtfributcr. * 

NOTl 

• U 'he waveform moves horriontally on the screen ' 
wnen the engine speed increases, reposition it with 
parade contr*?! knob. . 

3-lJ. RtfsuUs and Indications. Dwell variation 
■vit.hin .manufacturer's specified tolerance: distributor 
I* in ^ood mec name ai condition. Dwell variation 
exceeds manufALturer s maximum specification: worn 
distributor shaft, worn bushing, or worn breaker 
plate. 

3-13. CAM LOBE ACCURACY TEST 

3-14. The accuracy of the ignition /listributor cam 
determines the ignition timing relationship ol all the 
cylinders. Should one or more of the dlatributor cam 
lobes be worn, the distributor shaft bent, or worn 
shaft or bushings, uneven timing of the cylinders wlU 
result. Proceed as foUows: 

a. Adjust engine speed to 1000 RPM. 

b. Expand primary waveform as for the dwell 
teat ^ 

c. ftartmji with the flrM e^^iader, parade the 
cylinders acroM the oaeUlMccpe aereea, chscklaf 
the dweU of each om. Note aajr varlattoa ta dwell. 



^ ' , ■ S 

ij ^ BMnber of degreM of vcriattoa ib ttM 
^zH^L^ the peimcloM 8t«aala, tadieaie* thetMn^w* 
.df degreee of diatcttntor- cam lobe vartatloiL Thu 
variauo* tboniH aot eweed 4 degreea. 

e. Rsfltoi waveform -to lero line oa aereea. 
3.15. SECONDARY CmCVIT C0NDIT»N TEST 

3.11 Analysis of the firing line and ^ark line of 
the prijiiv^ display waveform wUl revefU the pre- 
sence of excess resistance in the- secondly ciremt. 
Excess resMtahce in th|s circuit absorbs some of the 
power neceaaary for proper ignition, thua reaultlng 
in poor engine performance. Proceed aa follows: 

a. Start engine and adjust 9p—^ to 16OQ RPM. 

b. Adjust parade an{l expand controls to obuin a 
primary display waveform. 

c. Reverse the polarity swttch. 

d. Observe waveform for diiiortlon in the firing ' 
section, (See figure 3*3), Expand and parade wave- 
form for desired clarity of eath cylinder. 









K 

t 


t 



Figure 3-3 Firing Section Distortions 

3-17. If distortion appears in the firing section 
perform the following testa to determine the cause. 

a. Stop engine and remove spark plug wire re* 
taming nuts from the spark plugs of the cylinders 
showing distortion. 

b. Start engine and adjust speed to 1000 raftll. 

c. Remove each wire individual^ '.i 
plug, and ground it. 



'from the^'spark 



d. Cbaerre the waveform and refer to Reaulu and 
' IndlcaUona. 



f-lt, iUMtta aad t u Mc i tl Qi i e. ifuk Um wears 
aor^ after grottadlaf ptag «tr« defeettvw 
vark phiff, or eagiae coadittoa aifeetlag. spark plug. 
(See flrve S-4). %ark line reinaias distorted m 
Varkphttwlregroiiadad: 
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. Fi<ttr« 3-4. NoriMl Spark Unt With 
aptf k Pfaic Wirt OrcmiMM 

^ On out or mort cyllndtrtrdtftcdv^ durtri- 
>7utor cap towtrt; ar ifidivlduai ^ark plug wlrts. 
CrouAct thedutrUmtor captowtr with a MU^e probt 
to det«rmfne if xh^ cap or 1lrlr» ia dtf«ctlv€. 

♦ •» 

.b. On all cylindtrs: clcfectlvt coii-aower, coil 
wirt« distributor cap Cbwert, or rotor, 

3-19. tOIL AND CONDENSER TEST ' 

Set polarity switch to match v*hicl% battery 



^ 3-20, Th« Intermediate Section* Mauaily observed as 
' a >eried ot ditxumahihg oscillations^epretenta-the 
disaiipation the energy 'remaining vi the coil alter 
the spftrK plug ha« Ceased firing. Ignition system 
'^trouble can be detected by noting the rate at which the 
^ vacillations dimmish* Normally these oscillations 
Jiminish gradually. Proceed as follows: 

A. Observe th/tntermediate Section for t?radualiy 
" tiim;ni5hm4 oscUlatlons. U the intermediate section 
19 \:ic^mpiete, and dwell is normal, reduce ^'ngtne 
ipt:^d a □bserve :ne complete inter meaiate section. 

Results ^ind Indications. 'Lack of oscillations 
in- i^-^ter mediate section: short m coU or leaky con- 
i3t?::st*r. iSee figure 3-5). 




Figure ..-Aiorted Coil Or Leaky Condenser 

3-22. POINT CONDITION AND ACTION TE^t 

3-23. The DweU Section be^na wten the dtetributor 
contact points close and extend to the instant at which 
the c.omact points open to fire the next cylinder. When 
analysing tnis section o| tto waveforiBf the point 
clost aad.the point open stfRals shanld be carttelty 
o tose nred. Otoitrve Uie jtoUowlag: 

a* ^ OwMi ssctiott fo^ point close an^ po i nt open 



Figart Olatwttd Poi&t ClOM 
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Figure 3*7. Point Close - Expanded 




Figure 3-8. Distorted Point Open 

b. Adjust pattern height control as desired for a 
clearer view of the point close signal. (See figure 
3-6 and 3*7). ' ■ " 

c. After test adjust firing line height to line I. 

3-24, Results and Indications. 

a. rigor es 3-6 and 3-7 depict burned or high 
reslAtaaee contact surfsces. Figure 3-8 shows the 
polntp arcing when opening. This condition remits 
from pitted contact surfaces or a defective condenaer. 



3-25* SPAJtX PLUG FHUNC VOLTAGE TEST , 

3-26. Spark plug firing voltage is tjie voltage re* 
<|ulred to overcome tho rotor and q^k plug g^ps, 
and establish a spark across the spark plug^ectrode^ 
Temperators* ftiel nUxturo, compression pressure 
and CMdttioA of the spark ptu^ iod/or secondary 
circuit affect the required firing voltagt . Proceed 
as foUovs: 

a. "9lE pwad* and cxpaiid ecMtrol knobs to obuin 
a PRlMAitY DWLAY wavtsorm. 



- ^^^^ - 



a. Wop tiigiM ud rsQiovt aptuit phif wtrt ft- 



b. SUrt tflglM and adjust ipMd to 1000 RPM. 

c\ IUmo¥« Mch wtr« iwUvlduatly tfom ipark 
plug, and ground u* 

d. ObMrve waveform. Tte upwar^ p«ak attould 
bt* approximately 1/2 the Imfth oi downwmrd peak* 
(S<^e tiHuri! 3-9), The spark line atwuld be amooth, 
and Planted downward. 



a* Set j p imfaw apeed to approKim t ie iy 2S00. 




wtrt from ipark plug. Hold wirt away from ground. 

d. Obttnr* Iwi^ of firiag' luw. Htlght steuld 
uwrtaM by 1/3 upward* aad by 1/2 downward. 

e. Reduce engine speed to 1000 RPM. 



I « 




3*31. Results and Indications. Insufficient Coil 
Oiipiit! excessive resistance in the primary circuit, 
low primary input voltage, defective coU, dwell leas 
than specified or defective secondary insulation. 



3-32. SECONDARY INSULATION TEST 



\ Fi;;ure 3-9. Firing Voitage 

\ 

Resulta :uid Indications. Upward peak ap- 

prox:n:*4teJy I 2 the length of dOMtuward peak when 
^Piirk piuif wirr js grounded: worn spark plugs or 
t iicint? ^>nd«*on vUteciing the spark plugs. Upward 
p»?dk le»a than 1 2 .:t the downward peak, or iJ spark 
liiw sionti upward tvrten £ipark plu^ is grfjunded, on 
Ml cvlinders: poor ^ iiuiecuon bet^Aeen coU and rotor 
_^r 'Vide r nor ^ap. 

Ur.vvt?n Firmer Voltaiie: v^orn spark piui^s, broken 
?'p»irk plac 'A'lrifS. or cocked or worn distributor c*ap. 
(jrt^und dijiinbuior cop tower to determine if cap or 
wiro 15 <1eiVctivc». U waveform fails to meet stt?p 
paraijraph "3-27, proolem is m the cap. U waveiorm 
puiirfes step ii. pfnbif m .ii» m the wire. 

3*:o. MAXIMUM COIL OUTPUT TEST (Available 
Vfilta^e), 

i 

3-30. Maximum CoU Output is a term used to des- 
cribe the maximum secondary voltage that an ignition 
system is able to produce under a ^ven operating 
condition. Because of lii operating prthcipie, an ig- 
nition coii wUi produce its maximum voltkge whenever 
It attempts to fire an inrppssible gap, such as when a 
spark plubT wire is removed from a spark plug and 
held away from ground. For this test, proceed as 
follows: 



3*33. ^'hen an ignition coil produces a surge 6f high 
voltage* as a result of the collapse of its magnetic 
field, 'he I'oltage ia applied frbm the coil tower to the 
coil wire, distributor cap, rotor and the secondary 
wire, and finally to the spark plug to create the spark 
across its electrodes. It must be realized that insula* 
tion oi all parts of the secondary circuit must be of 
high .quality and in good condition to insure reliable 
ii^nitton unuer all operating conditions. Proceed as 
toUo)vs: < ' 



J. Set polarity switch to match vehicle battery 
;;rwund polarity. 

b: With a spark plui^ wire removed as for the 
Maximum CoU Output test, observe downward peak of 
the waveform. For primary waveform it should be 
approximately 1/3 of the upward peak, and be con* 
sistent. 

c. Reconnect spark plug wire and test remaining 
cylinders in the same manner. 



3*34. Results and Indications. Short, intermittent 
or absent lower extent on one or more cylinders: 
insulation leakage in the distributor .:a^ or spark plug 
wires. Short, intermittent or absent lower extent on 
all cylinders: insulation leakage in coll tower, rotor, 
coil wire or distributor cap* 
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4*2, Cn&ccUou. Tte toUowing ccmuimUoiis, for 
standwd ig^^Uoft^r^m dUfw AraMirtttt from Uiom 
listed in paragraph 2*T. Th« basic dlfftrsncs results 
in a secmdary waveform. Also, by cliSnging the 
trigger pick^« a superimposed wareform can be 
obt^ed, 

1*3. Secondary Display Waveform Connections 

X Connect red pattern pick-up lead (9^ figure 
1-1) to center of coil high tension lead as illustrated 
in figure 4-1. 

b. Attach black pattern pick-up lead (9, figure 
1-1} to a suitaole engine ground* 

c. Attach trigger pick-up lead (4, figure 1-1) to 
timing cylinder spark pliig wire three to six inches 
from the distributor cap, (See figure 4-2),' 

NOTl 

Thi^ trik:ijer picl^-up clip must be insulated from the 
hik^h A'olta^e sparlc If arcing occurs between the 
wnx^Mnd trigger pick*up clip, the spark plug for that 

cylinder will not trre. 



IV 

polarity* 



e. Align the trace oa ths aero lias by adjustiag 

the vertical position control knd>« 



f. Start engine and adjust idle speed if necessary. 

g. Adjust firing line height to line 1 by rotating 
the pattern height control knob. 



h. Refer to paragraph 2-7, step 1. 

i. If th% waveform appears unstable refer to the 
note following step^^ paragr:^)h 2-7, 

4-4. Superimposed W^iveform Connections 
a* See paragraph 4-3\ step a« ' 

b. Bee paragraph 4-3, step b. 

c. Connect trigger pick*up lead (4, figure 1-1) to 
center of coil high tension lead. (Refer to figure 4-3. 





Figure 4-L Secondary Display Waveform Conasettcas 



imp 



ti 'in 



m 



Trigfer pick-up cl0 tmH be insula^td from the hi^ 




d. S«t polarity •witch (^)pojiUe vehicle battery 
ground polarity. 

STANDARD lOMTION SYSTEM TESTS 

4-^3. This s^tion outlines ^various ignition tests 
trui con b^i made with the oscilloscope. Thvse tests 
apply iQ the standard tuition svstems and are :nadt» 
.vi:h -I :iecondary display waveiorm unless u is statea 
:)therwise. 

■i-:. COIL OUTPUT TEST - CR.\NKING 

J-^. This tost :ncticates the avaUabiiity oi voltage 
/eOtUired :o :;re t:*e rcu^r uiia ^park plug i^'^ xi^i^e 
:!:tf engine is beirr^' lurntra iver* This test u 
loUows: 

a. Remove coil wire t'rom distributor cap and 
Isolate the w*re :»o that a spark cannot jump to ground. 

/b. Cranic rhe entwine, and note tfie cod r^ucput. 
See t'uure 



Ku-ure 4-4. Coil Output - Cranking 

c. Height 01 the waveiorm should extena to cne 
:op .1 the screen* 

Rt*place coil wire imp distributor. 

4-9. Results iind Indications, Low coil output: low 
battery, defective i^ition pnmarv circuit, failure ot 
i^mition resistor by-pass circuit, insufficient dweii. 
excessive distributor resistance, aefective coil or 
condenser. ^ 

4-10. IGNITION SYSTEM POLARITY TEST 

4*11. Incorrect ignition system polarity can result 
in 20 to 40 per cent higher voltage re<|uired to iire 
spark plug!* Cheek aystem polarity as foUowe: 

a. oivtUosct^w polarity switch o|q»oeite the 
veUde battery (rtmod p<Harlly. 

b. Start engine and run at idle speed. 

c. Secondary waveform shculd appear as shown 
in figure 4*5). 

I 



m 



Figure 4-5, Normal Secondary Display Wavtform 

4-12. Results and Indications. Inverted waveform: 
veiiiCie battery poiarity reversed* ignition coil im- 
properly connected, incorrect coil ;or the vehicle, 

4-13. DWELL TEST 

4-14. The dwell test procedure is as follows: 
1, Run engine at idle speed, 

b. Transfer trigger pick-up lead to coil ^A'lre :or^ 
tne superimposed waveform. 

c. \2]\x$x lenkjth -y. waveform so it blurts and 
^%adii .a vertical lines on the oscUosc^p*? ?»creen. 

d. Lo^^<?r waveicirn: io ;t couches crA-eil scale at 
the bottom oi the oscUioscope screen. 

e. Tl^.e point close signal mdicates decreVs of 
d^in,. 3e sure to read the proper scale. ^ iSee figure 



1— , ■ " ■ ■ " - ■ - 


— ^ 1 — ^ 


1 ■ — ' 
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Figure 4-fl* pQlflt Clem 

4*1S< lUwUa and ladicalioas^ Dw^ r«atfil« wtthlii 
the ^ecliicalltm; ignitlM poiiita are Gperating nor* 
maUy and are spaced pr<»perly. OweU readisff hot 
within yciilcatton: In^^jroper point spaciiig« wrong 
point asssfidiiy, point rubbiiig block d^tfective* poiidt 
rubbing block misillgned, worn distributor cam* 
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4* 1«. DWKLL VARIATKSN TEST 




ipMds. Eutsslvt wutioa iftdicii— a cluuigt in 
poiiit opmioc^^iv may r«iiilt from tteft or ta«hiAg_. 
«rMr«^ar {rom tte dUiriimtdr pUU JUiftlttg b«cattM 
of wear or Ioommm. ProcMd u loUowt: 

a. Ui« tlii fliip«rimpoMd wartform (or this tt^ 

b» Note distributor <iweU at idle ^eed, 
NOtl 

If the waveform moves horizontally on the screen 
when the engine speed ixKreases. reposition it using 
the parade control. 

c. Note dwell reading at, 1000 RPM. Dwell read- 
mg should not change more than 3 degrees on most 
vehicles* Reier to vehicle's specifications before 
condemning distributor. 

4-18. Results and Indications. Dwell variation with- 
m manuiocturer's specUied tolerance: distributor is 
in good mechanical conditicn. Dwell variation exceeds 
'manufacturer's maximum $peciXication: worn distri^ 
butor shaft, worn busiung, worn breaker plate. 

4-19. C.\M LOBE ACCURACY TEST 

4-20, Accuracy 01 the i'-:nii:on distributor cam deter- 
mines ignition timing relationship oi ail cylinders. 
Should one or more oi ihe distributor cam lobes be- 
L.^me worn, or tJie aistributor shaft be bent, uneven 
umini^oi the cylinders will result. Proceed as follows; 

a. Set Engine speed to lOOO RPM. 

b. Sup*:*rimpose waveiorm. 

i\ Adjust lenijfth waveform so it starts and 
ends^At ;he vertical lines on the oscilloscope screen, 
a^i m the dwell test. 

N'ote variation m the point close signals. 

4-21. Res\Alts and Intiicaiions. The number of de- 
fc;rees variation m .dwell, or point close signals, 
mdicates the number of de^^ees of distributor cam 
lobe variation- This variation should not exceed 2 
de^e^s* - 

4-22. SECONDARY CIRCUIT CONDltlON TEST 



4-23* Analysis of the firing line and spark line of 
the secondary waveform will reveal^the presence of 
excess resistance in the secondary circuit* Excess 
resistance m this circuit absorbs some of tfie power 
necessary for proper ignition, tins resulting in poor„ 
engine performance. Proceed as foUows; 



Si>me resistance is dMtrsUe In etanderd ignition 
systems to reduce ignltloo interference wth radio 
and television reception* :niis resistnnce is known 
as i^ition si^ression. 



c. Start engine and adjust speed to 1000 RPM, 

d. Ad}ust firing «ine height to line 1, using pat- 
tern beigbt cootroL 

e. ^Obeerre firing linen and ^ark lines for du« 
torti(m^ Expand and parade waveform as desired for 
closer observation* 

4*^4, S distortion appears in the firing section, 
perform the following detailed test to determine the 
cause. 

9 a. Remove the wire from the spark plug of the 
cylinder showing distorticm, and ground it. 

b. (X>serve the waveform: refer to Results and- 
Indications* 

4-25. Results and Indications. (See figure 4-7). 
Spark Tine appears normal after grounding spark plug 
wire: defective spark plug, or engine condition af- 
fecting spark plug. Spark line remains distorted with 
spEi^k plug wire grounded: 

a* On one or more cylinders: defective distri* 
buior cap towers* or individual spark plug wires. 
Ground the distributor cap tower with ^ suitableprobe 
to determine if the cap or wire is defective. 

b* On- all cylinders: defective coil tower, coil 
wire, distributor cap towers, or rotor. 











Figure 4-7. Normal Secondary Waveform 
Expanded 

4-26. COIL AND CONDENSER TEST 

4-27. The Intermediate Section, usually observed as 
a series of diminishing oscillations, represents dis* 
sipation Of energy remaining in the coil ifter the 
spark plug has ceased firing. Ignition system trouble 
can be detected by noting the rate at which the oscil- 
lations diminish. Normally these osciUationa 
diminish gradually. Observe the following: 

a. Intermediate Ser:tion for gradually diminish- 
' ing osclUations, If the intermediate section is incom- 
plete* and dwell is normal, redncd engine epeed to 
obs^ve the coa^ete istirmedtate wa y sfa rm . Zsvand 
and parade waveform as d ee i r ed ter cldeer obeerva* 

tiOB. 

4-28. RtMltf aad tOt^moM. Lack of oscUIatlofts 
in inttrniAdlat* Mctton: ikoit in ooU, Inky caad«B- 
•*r or poor coll wire coiuMctlona. 
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R«vtrM polarity twttch* 

. Tfe^ ■ ,^ ■ , 

Ibutort for ht^i^ 



?*27. K abnormal firing lima are obaerved, pro* 
cMtf with xim ff^owint tMta to deUf miM tte cauaf^t 





Figure 4-8. Mlsain^ OacUlations 
Defective intermediaie Section 

4r29. POINT CONDITION AND ACTION TEST 

4- JO, The Dwell Section beg:lns when the distributor 
contacts close and extends to the instant at which the 
contacts open to fire the next cylinder. When analyz- 
ing this section oi the waveform, the^pomt close and 
the point open signals should be carefully observed. 
Proceed >j* follows: 

a. Observe Dwell Section for point close and 
point open si^als. 

b. Expand and parade waveform as desired for 
closer observation. 



4-31. Jle suits and Indications* 

a. Figure 4^9 depicts burned or high resistance 
contact surfaces. Figure 4-10 shows the poinU 
arcing when open'-* T, This condition resuJts from 
pitted contact surfaces or a defective condenser. 




Figure 4-10. * Point Open 



4*32, SPARK PLUG FBING VOLTAGE TEST 

4-33. Spark Plug Firing Voltage is the voltage re- 
quired to overcome the rotor and spark plug gaps* 
and establish a spark across the spark plug elec- 
trodes. Ten]4>erature, fuel mixture, compression 
pressure and condition of the spark plugs and/or 
secondary circuit affect the required firing voltage. 
Proceed as follows: 



a. Use the secondary display waveform for this 



test. 



b. Set the polarity switch opposite the vehicle 
battery ^ound polarity. 

c. Run engine at lOOO RPM. 

d. Observe firing line and spark line of lil cy- 
linders for height and uniformity. A slight variation 
in the secondary firing lines is normal. 

NOTI 

If unusually high or low firing lines are observed, 
proceed with the following detailed tests to determine 
the cause. 

1. E;q)and the waveform as desired, and locate 
the defective cylinder. 

; 2. Remove each wire individually from the spark 
plug, and ground it. 

3. Observe the waveform. The firing line should 
come below line 1, and the spark line should be 
smooth and nearly flat. 



Figure 4*9* Point Close 



4. Refer to Results and Indications. 

4-34, Reeolts and Iodic ationa. ff a normal waveform 
j^^ars when tbe spark plug wire is grou2id«4; worn 
i^k plttss» QT engine ccaidttl<Mi afffctiag thf firing 
votlaf*. B wMitarin remain dliiorted wtatu tto 
spark ptuc wire is growdids 
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Om cyUsidt 




or m^m: dtftetlM tpt^tk fkskg 



a; Um Um swondary ditiOay imrcfonr for tills 



distributor cip» or spark plug wtrt lsMsctiyt» 



4-35. . MAXIMUM COIL .OUTPUT TEST (AvaUaUt 
Voltagt) 

4*36, M a x i m um CoU Output is a tsrm ussd to 4#a- . 

cribe th« maximum secon^y voltagt that an igaitioii 
systtm is abis to prothics oodsr a giv« opsratlng 
conditiom Btcaus# oi us (grating principltt M 
i^Uion coil will proctuce its majimum voltage when- 
ever It attempts to tire an impossible such as 
wh«R a s{»ark plug wire is removed from a spark plug 
and held away from ^ouitd. Proceed as follows: 

Us€ the secondary display waveform for this 

test, 

b. Set polarity swiuA opposite the vehicle battery 
ground polariiy* 

c. Set engine speed to 2300 RPM. 

d. UsiHi^ insulated pl;ers disconneci ^park plug 
Wire :rom a spark plug. Hold the wire away from 
$rouna. 

\, ':;bserve height of firing line. Height of firing 
line should increase approximately to line 3. down* 
■wire extent should be 1,2 of the upward extent. 

Reduce engine speed to 1000 BPM. • 



4-37, Result? and Indications, Insufficient CoU 
CXiiput: excessive resistance in the primary circuit, 
low primary input voltage, defective coil, dwell less 
than ppeciiied or defective secondary msulation. 



4-38. SECONDARY INSULATION TEST 



4-39. When an ignition coU produces a surge of high 
voltag e , a s- 1 r e sult of- il ie tuflaps t~of~tts magnetic 
field, the TToltage is applied from the coil to we r t o th e 
coil wire, distributor cap, TOtor and the secondary 
wire, and finally to the spark plug to create a spark 
across us electrodes. It must be realized tiiai the 
insulation of all parts of the secondary circuit must 
beof hi^h quality ^aM in good condition to insure 
roliahle i g nition uade r ail operatiq y condltiani; Tf 0* 
ceed as follows-. 



b. Set the pSaHlj switeK onposiie^l^iclt 
battery groood polarity, 

c« Run engtoe ai lOOO RFIL 



d* With spark plug wire removed as for th* Max- 
imum Coil O^iNU test, observe downward peak of the 
waveform. The downward peak should be 1/2 or more 
of the upward pesk, and be consistent. 

e. Reconnect spark plug wire and test remaining 
cylinders in the same manner. 



A^AO. Results and Indications, 
or absent lower «»ctmt: 



Short. mtermUtent 



a. On me or more cylinders: insulation leakage 
m the dutributor cap or spark plug wires, 

b. On all cylinders: insulation leakage in coil 
tower, rotor, cod wire or distribi^cor cap, 

4-41, SPARK PLUGS UNDER LOAp TEST ^ 

\ 

4*42* ^When a load is applied to an engine, the re- 
quired firing voltage rises. This rise will be alight 
and uniform if the plugs are in ^ood condition, and 
properly gapped. However, if any unusual firing 
characteristics are observed while the engine is 
operating under a Ipad, an abnormal spark plug 
condition may exist. Pay particular attention to, the 
firing voltages that are considerably higher or lower 
than the firing requirements oi tha other cViinders oi 
the engine. Proceed as follows: 

a. Set polarity switch opposite the veiiicle battery 
ground polarity. 

b. Momentarily load engine by ' snap accelera- 
tion, *' 

c. Observe rise of the firing voltages. The rise 
should be moderate and uniform, 

4*43, Results and Indications, One or more firing 
lines higher than others: wide plug gap, open spark 
plug resistor or badly deteriorated electrodes. One 
or more firing lines lower than others: spark plug 
fouling^ flashover_or crac ked ins ulator. 
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5-2. Tto oielUMeop« rt«iirM ao ptrlocUc 
tftoMCt or Hrtlcft. 



Tte dnl^ of tht OKlUMOopt It mh Uitt 
aAMiiiblr attl diiMfmbly iMtnicttaM irt not rt« 
« irt4 txcipt far tte rmml o< tte ciMt rmy tebt. 

CAtmON 
WUtii removlBff tte eatliodt m tubt, 
gloTts and saifly gUMM tboold bt votil 
.Wh«a handUog tht e%lhod« ray tub*, txtremt 
care fthculd b« takta to told ttetub« by th* 
(ice ead rather tfaaa the neck MCUoa* 

5-4. To remove the cathode ray tubei proceed as 
foiiowe*. 

i« Looaen nvo ecrewa holding clasv to neck of 
cathode tube. ^ 




e 

Dlae 



t baae eocket Iroaa neck ead of 



e. ResMve four ecrewa from baael aaaembly 
(14, ftgure Z'l). 

d. Remove foar screwa from dvell scale (X5, 
figure 2*1)« 

e. Cra^ the face of the cathode ray tabe and 
gently poll the tube from :he protecUre metal coac« 

f. Heaaaembly of all compoaenta aa well aa the 
cathode ray tube la eeeefttlally in the reverae order 
of dlaaaaembly. 



SICTtON VI 



6*1. RECOMMENDED PARTS LIST 

e*2. TKiS parts list includes those Items used in 
the oscilloscope: Model SS-5, which are considered by 
:he manuiacrurer as replaceable. 



c-3, INSTHUCTIONS FOR REQUISITIOMNO 
PARTS NOT IDENTinED BY FSN 

6-4. When requisitioning parts not identified by 
Federal Stock Nuroher. it is mandatory that the fol- 
low m*? informauon be furnished the supply officer: 

a. Manufacturer's Federal Supply code number. 

(82386) 

b. Manufacturer's part nulmber exactly as listed 
herein. 

c. Nomenclature exactly aa listed herein, includ- 
ing dimensions if necessary. 

^ M^imifarmr^r 'M model number <end item). 



e. Manufacturer's serial number (end item). 

f. Any other information such aa type, frUme 
number, and electrical characteristic if applicable. 

g. If OD Form 1348 is used, fill in all Mcck3 
except 4, 5, 8 and Remarlcs Field in accordance with 
AR 725-50* Complete form as follows: 

1. In blocks 4, 5 and 6, list manufacturer's 
Federal Supply code number / 52366) followed 
by a colon and maauiaccurer's part numoer 
for the repair part. 

2. Complete Remarks Field aa follows: 

Nounj (nomenclature of repair part)* 

For: (FSN of end Item/.' 

, Mfr: - (of end Item). 
Model: (of end item). 
Serial: (of end item). 

(Any other pertinent information MCh aa 
frame mimbtr, type, dlm^nsiona.etc). 
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Figure 6-1* OsciUoftcope Internal Components 
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CAPA«;IT0R. ELECT. .16 Mre,250V 
(09023) (83386 ilO. 67 9-155) 

DICOE. SILICON 

RESISTOR, 47 OHM. 1/2 W. 10% 

(813 4 9) (323 06 W. 660-09$) 
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FOREUOBD 

This prograouMd c«xc umm d«vttlop«d for uM in 3ABR47330, Auto«ociv« 
-RttpAinuin*! course. It was validac^d in 1964 » using 30 students froa Che 
course : 90X of the studencs used in validation achieved Che objectives as 
stated. The text was adopted In > the 3AB&47231, Special Vehicles Rspairman 
course. The text has been In use for the past five years an^ is considered 
to be valid for both the subjedt courses* 

OBJECTIVES 

After completing this prograauMd text» you will be able to: 
1* State the purpose of a magneto. 

2. List the major components of a magneto* 

3. From a list, select the statements that describe component operation. 

4. inspect a qagneto, using an inspection check sheet. 
All objectives will be accomplished with 80% accuracy. 



INSTRUCTIONS 

Tl.^^^ programmed text presents Information in small steps ^ called "frames'** 
v^After reading the information, you will be required to respond by answering the 
quest iona. Simply circle the letter which identifies the correct answer, then 
check your selection with the correct answer shown at the top of the following 
page. If you make an error » go over the frame again, to make sure you undar- 
s^and whj^ the answer shown in the text is correct ^ then proceed to the next 
frame- If you have trouble understanding the text, ask your Instructor for help 



1 



AaiMllsn 



XNIitODUCTXOll 

'•' . ' " 

th* mgMto suppliM high Toltaf* to i^iiU.th* ftMX-«lr aix- 
turo In 4 gMQlln* tngln*. 

. ' . ■ , . .■ 

A Mgneto is ft ecnplet* ignition systw in itsolf; no battory 
la roquirod, how8v«r» hand cranking uould bo noeooMry to turn 
tho englno ovor to ^uso tho oa^noto to firo. 

T}tt ftdvantagoa of a Hifnato ineludo dopandability, vary llttla 
mintonanoay and mlniaaa waight and spaea. 



QUESTIONS 1 and 2. 

-,i^o'><jo 9' 07777777777???7???????? ??????? 

? 



1. What is tha purpoaa of & nagnato? 

a. To crank tha angina. 

b. To charge tha battary. 

" c. For ignition only. 

d. To supply all angina alactrical requiraaiantfl . 



2. Which of tha following ia li2X «n adwtaga of tha 

nagnato? ' 

a. Qopandability. ?• 

b. MinijuB aalntaiianea . 

c. Uaight/apaea factor. ? 

d. Englna starting. 



? 



7????? ???????7?7^??7? 



QviMtion 2i Kmmpe^wm "d" Is eorr«et. 




Jlgur© 



1. 


Rotatini; Magn«t 


6.. 


2. 


Soft Iron Coro (Mtgnotic Circuit) 


7. 


3. 


Br««ker Points 


8. 


^. 


Prlairy circuit 


9. 


5. 


Cond«iia«r 


10. 



Coil 
Shaft 
Ota " ! 

Rotor Drivo Goar ! 



4 




3, 





in p«r«nthMl« m 

with th« rotor (10). In f rout of thj rotor f^f^o" Jj* 
cw (8) for oponing and el««inc tho br^^or Poijt* (3). Acroa- tho 
;SJnia la a cSSinUr (5). T»« co^VCO haa a^la*inat*3 aoft-l^^^ , 
corn through Its cantar. Thia cora brldgaa tha Iron cora (2) built 
Into tha nagnato housing to coiplata tha aa^tlo clrcuin. 




QUESTIONS 3 through 6 . 

3. The source of power for tha aagnato 

a. is the coil. 

b. is the core. 

c. are the breaker points.* 

d. are the magnets. 

4. The breaker points are openyJ and closed by the 
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a. rotor gear. 

b. can. 

c . rotor . 

d. coil. 



■! . Milch of the folloving ■«gi»to eoBpomntt does S2I rotate? 

a. the dagnats. 

b. the shaft. 

: c. the rotor gear. 

d. the condanaar. - 

•> ' , 

♦ 

o. A magnoto is usad to 

a. charge the battery. 
: -i b. supply all angina alactrioal raquiraaanta. 

c. crank tha an^na. 

7 <- d. Ignita tha fual-alr aiartiujra. 

•»????????? ? ? ???????? 
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QuMtioA 5s 
Quutlon 6: 



The aai^neto producw high voltage by asgnstic induction. Th« 
rotatir,' niagiftts produce a fluctuating magnetic field in t^e eore. 
W.'i«»n the point* are closed, tiie nagnetio field createe a flow of 
'Current in' the primary winding (several hundred tuma- of 0.03P»lneh 
d iameter wire) . The ^p^iaary vrindiQg inereaae^ the strength of the 
mat^netic field -^thin the coi-l. The rotating cam, on the shaft, 
>pen8 tne breaker points. The instant the points are open the 
hnllt-up mar:netlc field collapses causing a yoltage to be Induced 
In tfie secondary winding («any thousands of turns of 0.003-inch 
diameter wire X, and the coil fires. 

Tio rotor, timed to the opening of the breaker points, completes 
) r.r.^ -'irfTuits, in turn, to each spark plug. A condenser is installed 
I '\.r\ rnraliel .'itn the brea)«er points to speed up the collapse of the 

I mArncti,-* flelii and also to reduce arcing across the points. 

I , ~ 

t • 



The 


strenpth of the magnetic field Is 


0 

* 


? a, 

• > • 

i. 


increased when the points are closed, 
decreased when the points are closed, 
increased when the points are open, 
constant when points are open or closed* 


* 

■ 


f 


coll fires when' the points are 


• 

• 

« 

? 


• 

a. 

? b. 

. 

* - , ' d. 


closed, 
vide open, 
just open# ^ 
about to close e 


? ' ^. The 


pui*pose of the foft iron core is to 




a. 

b. 
c. 
d. 

«i «^ o ft ^ 


rroduoe a fluotufting vagnetic field. 

create a flow of eurraat in tha priaary winding. 

orovide an electric circuit. 

provide a aagnetlc circuit. 


? 

f 

•f ^ 9 
• > • • 
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Question 7: 
QuMtion 9 s 



la eorrtet. 
i« eorr«et« 
it eomet. 



At low •nsln« spead (while 'er«Akine» either b^r h^nd or atmrter) 
the output of the magneto Is too low to bridge the spark plug gap. 
To overcome this, en lapulse eeuplar is used. The ispulae coupler 
Increases thi speed of the rotating shaft to pror»'ice a- higher volt- 
age. There is a spring in the Impulse coupler that oust be coaipres- 
aed, and then released to provide the speed-up of the shaft. While 
the spring is being conpresfed^ the shaft is not rotating and timing 
is automatically retarded. 



;ir{':;-TXON\S 10 and 11. 

,,,07777^7?:. 7 7????????? ??:????:?? 



#> •> n 
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10. To overcome the inability of a magneto to produce high 
voltage at low speeds 

k, a larger coil is used. 

b. a larger core is used. 

c. a higher capacity condenser is used. 

d . an° impulse coupler is used . 

• * » 

11. An ilapulse coupler is used when cranking an engine to 

a. speed up collapse of the primary magnetic field. 

b. reduce arcing at the points. • 

c. retard tlmlitg and Increase jshaft speed. 

d. advance tlffiinj^^and decreasW shaft speeds. ? 

? V •;? 7 •:????????? ? ? 



\ 




3 7. J 
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1, 

2. 

I. 

3. 

5. 



th. fSlliSSj.'"*^*^ «int««e. of . «^tc would l„,m... 
"•«>T« M(B«to coT*r (dlitrlbutor) . 
I«.p~t baring, f„ ^thn... ,„d lubrte.tl«. 

In.p^t «,trtbutor for «,d worn eonUet,. 

In.|»et rotor for crwlc. «», bum«l B.t.1 .tr^p,. 

f^^'^wT^.T'^ ««».ction. „d brolcn or 

sprin^tobr..,.). poi„tr:u,{*srf!:,To'f":L%%"~ JJ* 
xr?:*'xr ^^^^^ 

CAUTION: Du, to th. very low ,urr.„t flow in th. 



QUE:3TI0N 12. 



7. 7 

™cl?lJ^I*°'"i'^ *» follow Mnuf.etur.?>f. 
IH' fS^ Jf"" ln.p.etl„g point, wS Mjuitln. 
W- (Wrlto your wnar on th. linw boloTj ' * 





flow in the priMary. elreuit^ . 



• 

Wh«n rotor or rotdr drlv« s;«ars m r«lnitall«<i In the aagnoto, 
thmy nu«t be tiaed to each other. To mke this possible^ the gwa 
^ve merks on thea to be aligned. Timin«; is aeeoaplished by set- . 
ting the marx on the drive gear to the 12 o*elook position (vith 
the nagneto right side up). With drive gear set» slide the rotor 
in mesh with the aark on the rotcr alighted with the aark on the 
drive gear, ^e Figure 2. The^gears are nov tiaed. 



Rotor-Drive Gear 




Rotor 



Timing marks aligned 



Fi,rjre -2 



Kotor and Drive Gear 



wUKSTlON 13: 



*\ t\ t\ 



13. Improper tijaing of the rotor gear and the drive gear \«uld 

result in ^ ? 

a. failure of the points to open. . ? 

b« failure of the priaary aagnetic circuit to collapae. 

c. improper firing of each plug. 7 

d. failure of the coil to fire. 




iERlC 
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Hold th. wtr. «d s/sJ^fS th, "? f»!*j^»« 

th. 3/8- t6n5tput^uS.TlS,2S!; ^ J"** 

1. ^"-^J- V^'Si'SjSf i^^-^. •« i-«.Ut«. Circuit ■ 
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ALTERNATOR AND REGULATOR TESTINC USING SIMPSON QiS 




OBJECTIVES 



Afcsr compleclq^ chis wdrkbook, you will b« «bU to pttrr^ia a visual in* 

spection and usa ceat «qulpiaent to check and/or labiate maliunctlons of^n 
AC charging dystam on a live angina. 4 



El^UIPHENT 



Engine .^tseably Intamatlonal 6 Cyl 
Engine Assaoibly Valiant 6 Cyl 
Simpson Modal CBS 
Tach-{)tfall Tester 



Basis of Issue 
1/2 students 
i/2 students 
1/2 students 
172 students 



Using the instructions coiitained in' this workbook, you will test an 

iLtci-nator charsing aysteia equipped with a single unit, double contapt voltap 
r-;gulator. " 

VISUAL' INSPECTION - ' • . 



deck: 



a. Drive belts — loose or slippi-ag./^ ' ■■ • 

b. Connections — dirty, loose or corroded. 

c. Wiring — coo small, too long or frayed. 

PROTEST CONNECTIONS. 

1. Connect the quick disconnect adapter to either post of the battery 
and leave knife switch open. . ^ 

' • / 

2. Connect one ammeter lead to either post of adapter. " 

3. Connect raaalnlng aamater lead to other post', of* adapter. 

ALTERNATOR OUTPUT TEST > . 

■ * 

I. Turn field control knob ,to op«tt position. • 
T 2. Coanact. o&a field contzol lead ungroun46d post of cht battery* 
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3. Oiscoas*et field wlr« f m alt*Tmtor fUld twHoliial and tram 
ifnicion t^rmlul of cb# y«Xtas« regul^^r. 



5. Place voltage regulator test switch in t^e direct position.. 
6* Place teat' selector switch in 80 anp position. 

7. Close knife switch and start engine. • 

8. Open knife switch. 

Note: If any metfer should read downacale during tests, merely push 
^e meter reversing switch to the opposite position. » 

9. Set engine speed at 2500 rpm. 

10. Tum field control knob bo direct position. 

11. Read output on 80 amp scale* 

12. 'Vliat is the alternator's output? 



13. Is this within maaufacturer 's specifications? 



14. Turn field control knob to open position and reduce engine speed 

to idla. 

♦» 

15. Leave all leads connected "^and proceed with the next test. 

INSULATED CIRCJIT RESISTANCE TEST 
1. Connect one voltmeter lead to alternator output terminal. 
~. Connect remaining voltmeter lead to ungrounded post of battery. 

3. Set engine speed at 1500 rpm. 

4. Tum field control knob until 10 amps are registered on the 80 amp 
scale. 

5. Close the knife switch. 

6. Turn tejjt selector switch to the 4-volt position, 

7. Rsad voltage drop. 

8. What Is the voltage drop? 

"^9. «^s this within manufacturer's specifications? 



10. If excessive resistance is indicated, laove either voltmeter lead 
through the circuit to isolate the. malfunction. 




11. Turn fl^ld control knob to.op«a position and roduco m^Im apMd to 
idlo* 



• 12. Open Imife switch. 

* .* 

13. Leave all lea<ls connected end proceed with die next test. 

GROUND CIRCUIT RESISTANCE TEST 

1. Connect one voltmeter lead to ground on the alternator frame. 

2. Connect remaining voltmeter lead to grounded poet of the battery « 

3. Set engine speed at 1500 rpm. 

4* turn field control knob until 10 amps are registered on the, 80 amp 
scale. 

5, Close knife switch. 

'S. Turn test selector switch to the 4*volt position, 

7, Read voltage drop. 

S. ^is^ the voltage drop. 

9. Is this within manufacturer's specifications? 



10. If excessive resistance is- indicated , move either voltmeter lead 
carough the circuit to isolate the maif unction. 

11. Turn field control knob to open position and stop engine. 

12. Disconnect both field control leads. 

13. Reconnect vehicle field wires to field terminal on alternator and to 
the ignition terminal of the voltage regulator. 

14. Leave ammeter leads connected and proceed with the next test.. 

FIELD CIRCUIT RESISTANCE TEST ' 
(Single Unit Regulator Only) 

1. Connect one voltmeter lead to ungrounded poet of the battery. 

2. Connect remaining voltmeter lead to field terminal on altetnator. ^ 

3. Turn teat selector switch to the .4-volt position. 

■ i ^ 

4. ignition switch to "ON" position. 
Note: Do not start engine ! 

5. liiead voltage drop and compare to manufacturer's specif ications . 

. ' 3?.'/ 




6. What ia the volt«g« drop? 



7. X» it vititia ^Mtfic^om? 



ERIC 



3. • If excessive resistance Is Indicated, move either voltmeter 'lead 
rh rough the circuit to isolate the malfunction* 

9. ^ Turn ignition switch to "OFF." 

« 

10. Disconnect voltmeter leads. 
Ic. Op eiJ knife switch- 

1^* Leave aiameter leads connected and proceed with next test. 

VOLTAGE REGULATOR TEST 

1. Connect one- voltmeter lead to ^temator output' terminal. 

2. Connect remaining voltmeter lead to ground on the alternator frame. 
3* Disconnect field wire from alternator field terminal. 

^, ionnect one field control lead to alternator field terminal. 

Connect remaining field control lead to the wire which was discon- 
from the field terminal. 

6, Turn test selector S|#itch to the 80 amp position. 

7. Close knife switch and start engine. 
S. Open knife switch, 

9. Set^ ehgine speed at rpm . - 

■ 

10. Turn field control knob until 15 amps are registered on the 80 amp 

11. Turn test selector svlt^ to the 16*volt position. 

4 

12. Read voltmeter and compare to manufacturer's specification for the 
series contact setting of the voltage regulator. 

IJ. What is the series contact setting of the regulittor? ' 

14. Is it within specifications? -• 

15. Place voltage regulator test switch in the voltage regulator teat 

position. . 

16. Read voltmeter and compare to manufacturer's specification for the 

ground contact scitting of the voltage regulator. 

17. What ifi» the ground contact setting of the regulator? _______ 
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Is this vlchin a«nuf«ccurftr *s specifications? 



20. 



S top engine and reaove all tes c leads * 

Reconnect field wire to field temdnal on alternator* 
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Special Vehicle Repairman 
(Towing and Servicing Vehicles) 
(Crash/Fire Vehicles) 
(Refueling Ve*iicles) 
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"hai b««A la uJA aiac« that tS^^S'^'WIcMil^fe^^'^^ 

• . ■ . 

' ■ ' J. 

A good automotive repairman should understand Che fundamencala of el«c- 
trieity. with this knowledge he <an analyxe each new unit In an electrical 
circuit and repair the vehicle with mlniaum delay. Without thia kr.swle^ge 
he would- have to li^arn each new component in the electrical system before he 
could perform any kind of service on it. 

OBJECTIVES 

After you have completed this programmed text, you will be able to: 

1. Write the Ohm's Law' formula from memory, without ^rror. 

2. Solve Ohm's Law problems related to voltage, current, and resistance, 
with 80Z accuracy. 

3. Given a list of electrical terms and a list of definitions, match 
the two lists with 80Z accuracy. 

U. From a list of statements, identify how electricity is produced 
mechanically. 

5. Identify the proper way to connect meters In a circuit. 

6. Identify a series circuit without error. 

7. Identify a parallel circuit, without error. 

8. Identify a series-parallel circuit, without error. 

INSTRUCTtONS 

This program presents information in small steps called "frames." After 
each step you are asked to select the correct statements, match sane state- 
ments, or respond to the information presented in some other way. Use a 
piece of paper or a card as' a mask to cover the printed material. Slide the 
card or mask down the page until you expose the top of the slashes (////////). 
One small step is now exposed for your reading. Read the material presented, 
•elect your response^o tha question, and indicate that res'ponse on the ^ 
separate answer sheet provided. DO NOT WRITE IN THIS PROGRAM. Instructions 
for answering each question are included at appropriate points in the program. 
After you respond to the question, sy,de «Ae mask down and compare your answer 
iipb tlie one given ia ttm ptogcm* tf foA mammt U correct go on to the next 
ifm^l if you are wrong read the fraao ag^in. ^ 

j dttring yotfr s«»^ of this psosrmed text you will read many slectrlcai^ 
terw with which you my not be fasiliar. An alphabetical list of these terms 
Jiid tholr de|initlons can be found in the next four pages. Feel free to refer 
.Co Che definition of say ten you do not understand. , 

Begin with the inforaacion presented in Frame 1. « * 

lERJC _ . ' -• . 
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EtEasoos 



•l«c€riclty» fro« vhAch th« «i«€tlriclcy 




FIOJ) or MAGNETIC FIELD 

FREQUENCY 
GUISSAJOR 

GROUMD or GBOUNOED CIRCUIT 



HYDROMETER 

INDUCTION or INDUCTANCE 

MAGNET 
MAGNEIISM 



MICROFARAD 



MUTUAL INDUCTANCE 



OHM 



OB!filEIER 



taovec^nc in an eiuwtricdi circuic* 

■•."•.en a chanjiw. oi vclt j?tit a -ic* ad acres 3 
A eoadtfiMr product* « eurrtac of om m^rm, 
th« cond«ns«r Is said to have a capadcance 
of **ont farad." 

That spact which is af factad. by nagnaclc 
lints of forct. 

Tha aunbar of cytlts cMKplattd in ona tacond* 

Aa alacctooMgaacic davica usad co convart 
mtchanlcal enargy into aXactrlcai tnargy. 

A condition whare £ha tltccrical circuit la 
connactad or contactad elthtr intentionally 
or unintantionally to tha unit fraot or 
framavork* 

An instrunent used for the measurenent of 
Che specific gravity of a liquid. 



That force which produces a voltage when a 
conductor la passed through a magnetic field. 

That part which is known to possess magnetism. 

That property possessed by certain substan- 
ces (especially iron and steel) by virtue 
of which they can exert forces of attraction 
or repulsion, according to fixed laws. (It 
is the connecting link between electrical 
energy and mechanical energy.) 

Since tha term "farad" is too large for any 
practical use, the term "microfarad** (one- 
millionth of a farad) la uatd* 

That property which causes an induced 
voltage iW) CO bt aac up tn a second 
alf^t , aa tha rAault af tha^ chaaga of 
cttrraaC la Cha first 'circuit . (Ex^^«i 
Secondary winding in an igaition coil or ' 
traaaf ormaiC • ) 

A unit of maaauraatnc of realacancc* 
An Instruaeat to msaaura raaistaace. 



ill 




a 





That* aro net intended to b« 
th« atud«nc can quickly r«fr«ih 

AIMETCR 



AMP£B£ 
ARC 

ASMAXURE . 
BATTERY 

CAPACITY or CAPACITANCE 
COIL . 



COMMUTATOR 

'COMfttlSER 

cdNDUCTOR 

CORE 
CORONA 




DIELECTRIC 



•lnclu«iv« but, rather to a*irv\a aji r«ainders sq 
hl9 touBory ot ttm*^ tlnccricai ceisui* 

An liittTUB«nt um4 for Masuramcnc of th« 
r«co of flow of olcctricicy. 

A unit of neasureaent of flow of electrical 
curront. 

Tlia cravtl of alectrlcity through air 
betwaen two alactrodes which producat a 
fUsh. 

Tha moveabla part of an electromagnetic, 
davlca. 

A unit (usually composed of lead plates and 
a sulphuric acid-water electrolyte) which 
stores electrical energy in a chemical form. 

The property of a system of conductors and 
dielectrics which permits storage of 
electrical charges. 

A circular arrangement of electrical con- 
ductors so that many conductors are placed 
side by side, to obtain the resultant effect 
of their combined magnetic fields. 

That portion of an armature consisting of 
a series of copper segments which come Into 
contact with the brushes. 

An accumulator of electrical energy. 

A continuous path (usually metallic) along 
which electricity can flow. 

A nstallic portion (usually laminated) of a 
coll around which the conductors are wound. 

Corona Is produced when ionization of gases 
(air) is concentrated either around a con- 
dHCtor or between electrodes. This is often 
the condition around high voltage transmis- 
sion lines. A resultant flow is often visible 
in darkness. 

tiM 4tt«ftC£t7 of flow of eUetridty. 

A eo^ltte set of recurring value*. 

Aa insulating Mdlm which intervenes b«- 
tiiaan two oondufC tors to prevent the flow of 
current from one conductor to another* 
Ueunlly airt rubber, mica, glass, fiber, 
ysed, or ebonite. ^ 



li 
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OPEN czxcurr 



oscxluiiom 



OZOME 



PARALLEL CIRCUIT 



PERMANENT MAGNET 



RESISTANCE 



SERIES CIRCUIT 



SHORT CIRCUn 



STARTING MOTOR 



VOLS 



A i«w of •Itctneitir rsfardtitf th« 

tijitinlf voils.i^o, virrgn:, anu 




one oha of re««l<etanc< *. Th« -fortRula Is: 
vesica • ar^erts x ohr.«, cr E * I x R. 

Any broak or lack of eoncact i3 an alactri- 

eal eircuic, aichcr inctncional or uaiac«ar ^ 
tlcnal. 

A rapid back and forth (reciprocating) 
oovanant . V 

A faint blu« gas with a charactaristic 
small, produced whan an electrical diachirga 
la paaaad throu^ air» creating a concan- 
traclon of oxygen (or changing oxygen Into 
ozone) 

A circuit offering two or oore paths for 
current to flow, 

A -,>arc which retains the magnetic force, 
even though the force which produced the 
^'magnetism is discontinued. 

The property of an electrical circuit which 
tends to prevent or reduce the flow of 
current.. 

A single continuous circuit, in which the 
flow of current would stop If broken at 
any one point. 

Generally an unintentional contact between 
two conductors, caused by faulty Insulation 
or lack of insulation. This condition 
allows the current to bypass its normal 
circuit. 

An electropagnetlc device, which can con^ 
vert electrical energy into mechanical 
energy uaed for cranking the engine* 

A imlc of maasttreaatit of elfetrleaX preaa«ir«« 



That property of an electrical circuit that 
eattaaa ettrrtftc to flow. 



WATT 



preaaure. 



um4 to naaaure electrical 



A unit of jjaaaur^nt of electrical power* 
I watt « 1 volt X 1 ampere. 
1 kilowatt « 1,000 watts. 



tltCIilCAi OtViCU AND TMll» SVMlOil 



E OS V 



IHCOSTAT 



CUttCNT 



I Oft o 



CONNiatON 




Oft 



fteStSTANCC 



ft Oft 



CKOSStHG 



POSITIVE tERMlNAL 



SINGLE POLE DOUtlE 
THROW SWITCH 



NEGATIVE TERMINAL 



BATTERY 



LIGHT BULB 




VOLTMETER 



0 



FIXED RESISTOR 



— VNAA/—" AMMETER 



0 



ADJUSTABLE RESISTOR 



I- 



CONDUCTOR 



GROUND 



if 



liOMf tUU 




•MfOSTAr 



AOMSTAtll IfSiSTOI 



■aaA/v 
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SWITCH 



Ftans 1.^ 




print on U, • t"f^^^^ ^ ^ . * , i . 

of i-.ller units called "jMlecules." Air. for «x«wpU. U forrwd of noUculcs. 
Valiiulea c;n?ist ot atcn$. Ater.i «r« nmd* up of procofui« *i#ctroa», 
uutrona. th«»« divUloaa of a'toa* hiive poiicivti, HtfgaLiv*;, .r r.cucrai 
•Itecrieml ch«rg«s* 

The proton is a baalc partlcl* having a single positive (+) charpe. 
Tha electron it a particle haying a sintle negetive (t) charge. 
The neutron is a basic particle having no charge. 



QUESTIONS 1 through 3 ' ^ ' 

Match the letters used to Identify the parts of an atom In the accompany 
Ing diagram to the correct term. 

— B 

1. Proton. 



2. Electron. 

3. Neutron, 



I 



////////////////// 



1. B 2. 



3. 




QUESTIONS 4 through 6 ■ 

Match the terms and definitions below by recording fhe letter used to 
identify each definition on the separate answer sheet provided. 



4. Neutron. 

5. Electron. 

6. Proton. 



A* A negatively charged particle In an atom. 

B. A positively charged particle in an atom. 

C. A, particle of an atom having no charge. 



////////////////// 




4P0UC eucii Lnilvliual nucleus. ^or.o diiiurbins force (an u::j^is of 

*i»Acroatt iA any part oi ch« circuicj ca^rc i« ^ aiiiC «Ji «l«e«:ut:k^:«« ;!i:-.T. ^r..,; 

ilMtfH la th« iXXustrmtloa btflow «r« t^MCly talarttd In ord«r to thow chi» 
B)V«a4nc of •! ctrons. Electrons drift at approxinatsly 186,000 miles ptr 
second . 




r Current flow is neasured in amperes.. One ampere is about the amount of 
current flow a lOO-watt light bulb will draw; however, it takes more than six 
billion billi^ electrons passing any given point in one second to equal one 
ampere. 

♦ 

, r 

— QUESTION 7. 

Indicate on your answer sheet those statements below that are true. 

a. Electrons will drift from one atom to another jfi^n there ari 
an equal number of protons and electrons la the atom. 

* b. An excess of positive, charges will attract electrons. 

r c. When an atom is balanced it has two electrons to eich proton. 

d. An unbalanced situation will cause electrons to move from atom 



to atom. 



The unit of aaasureaent for current fl<>w Is the ampere. 



////////////////// 
**b»** "d,** and **•" are true stateaencs. 








Th«" tl«ctr|^th«;r7 Is shit «l*ctr?r^9 \T,i ^Mrr:**.? b^rh -r*i fr?- r.«^i- 
civn CO po«rRv« (^). ^ 

Ihm franklin thnory 1« th«c •Xaccrons mov« from n«t*clv* Co poniciv* buc 



current flo**s fror. ?csiciv« to negaciva, 
Hill b« using follow this choory. 



•o 



In ordor for olcctrons co drifc, 
Choy oust have a path or clrculc co 
wcv ia« Mac«rl«i« having «i abundnnc* 
of frao aXaccrons art rafarrad to aa 
condttctcra* Coppar viri ia uaad in 
circuica of aucomotivo vahidaa ba* 
cauaa it has m any fraa alaccrona in ic. 
An atom of coppar has 29 alaccrona circ- 
ling around ica nuelaua in four diffaranc 
orbica (saa illuacracion co cha lafc). 
Noca chac cha outar orbic haa only ona 
alaccron. Thia alaccron can mova away 
from ics nuelaua rachar aasily and ba- 
coma a fraa alaccron. A coppar wire ia 
mada up of counclaaa acoma and charafora 
haa a cremandous numbar of chasa fre« 
alaccrona. Soma ochar good conduccors 
ara aluminum, zinc, and ailvar. 

An Inaulator . or nonconducccr, ia a subacanca chac haa a frv frae alac- 
crona. Since currenc flow depanda upon cha novvaanc of frae alaccrona along a 
circuic, cha lack of frae alaccrona in an inaulacor will pravanc Cha flow of 
t- currenc. The Inaulaclon on claccrlcal wiring and elaccrical devicaa pravenca 
Cha fraa alaccrona from caking a shore circuic, and covara ana procacca cha 
conduccor. Inaulacors include rubber, porcelain, glass, bake lice, and cercain 
kinda of fiberboard. ^ 
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b* eoaducters. 
d. IntuUcora. 




\- 



QMESTION 9. 



////////////////// 



\ 



Mac«rials having vtry f«v •Itctrons mak« good 



a. Atom. 

b . eonductoTs . 

c. aolftculM* 
;d. insulators. 



millUIIIIIIIIN 



"d" fa corract 



a 




fsane 5. 




c^tAtA A drif : if #Uc"raiis. In 




crons (currtnc ilow) c;irougn a 
circuit-, it is r.tceJdary to nave 
•Iftctne^ ^t—mm (wXtt^ or 
•ltcc»oaotlv« forcft). A storage 
battary li usad as on* smtrea of 
alaetrlcal prcaaura for Mtoaociva 
vahidaa . Mota in tha f igura to 
tha right that tha alactrona flow 
atray fron ona poat of tha battary 
and toward tha othar pose. Tha 
reason for this is that a battery 
craatas an axcass of alactrons at 
ona poat and it has a daflciancy 
of^ alactrona at tha othar post . 
Tha pressure or force in an electrical circuit thac causes current to flow 
called voltage . When current flows, the battery voltage will decrease. 



is 



QUESTION 10. 

The drift of free electrons from one atom to another is called 

a. current flow. 

b. charging. 

c. voltage. 

d. electron balance. 

////////////////// 



is correct 



Tim 6. 



1. balanced atcrt. 

b. eofUluctors. 

c. •lactrical pressure 

d. insula cioa. 



////////////////// 
c. la corract 

QUESTION 12. ^ 

- That property of an electrical circuit that causes current flow, is 

a. elect rons> 

b« protons. 

c. neutrons. 

d. voltage. 



e 



////////////////// 



d. is correct 



Fraa« 7* 



A cooper wire will conduct electricity with rtl.itlve ei^e, but It «tlll 



\ lor2 vire r^f^r^ rtore reslstmce thnn i sh^rt wire of the ^i-*'^ Ttatsrlal. A 

wire has fe%fe^ free electrons than copper wire. Therefore, Iron wire offers 
more ceaiscan^e than a copper wire of the s«ae teaperacure, length, and diaa- 

flter. The resistance of aost, cetals increases with an increase in temperature. 

The unit of measurement for resistance is the ohm. One ohm is the amount 
of resistance that will limit the current flow to one ampere when one volt of 
electrical pressure is applied. 

When more Chan one path is provided for current flow, the flow will divide 
.according to the resistance, with the g;reatsst current flow taking the path 
of the least resistance. 



QUESTION 13. 

On your azisvAx ahtBt isdjcate which of the following stacemencs are true. 
. a. Resistance Is measured in ohms* 

b. A large diameter wire offers more resistance than a small 
diameter wire. 

c. That property of an electrical circuit that tends to prevent 
or reduce current flow is called ^'resistance/* 

d. Copper wire has a large number of free electrons; therefore, a 
small amount of resistance. 

e« An Increase In temperature will increase the resistance of a 

wire* 

////////////////// 
a» c, d and e are true statements 



3ii 



f 



QUESTIONS 14 thrpwgh 17 



c 



_ yo^^aam^t ah— iadtet^ th^ lttt#r that U«nttfit< on elf 



14. K mXt at Mttiuewnt of r«oist«ae«. 




Saaiatanca. 


15.^ That proporty of «a «l«etrle«l elfe^ilt 


b. 


Volt* 


chat c«us«s currtnc to flow. 








c. 


Aopi^re* 


16* Th«t property of an electrical circuit 






that tends to prevent or reduce current flow. 


d. 


Voltage. 


17. A unit of neaaurenent of current flow. 


a. 


Ohm. 


tiitttiiiiiiiiiiii 

1 1 1 1 1 1 n 11 1 1 1 11 1 1 1 






14. _e_ IS. _d_ 16. 


a 


17. ^ 


QUESTIONS 18 through 21. 






On your answer sheet Indicate the letter that 


Idencifies each cem 


riffht for ^.ach definition in the left hAnd COlunm. 






18. A unit of xa^asurement of electrical 


a. 


Volt. ; . 


pressure (electromotive force). 








b. 


Ohm. 


19 « A particle of an atom that contains 






no electrical charge* 


c. 


Electron. 


I 20* A pbsitively charged particle of an 


d. 


Proton. 


atonie 








a.. 


Neutron. 



a 



21. A negatively charged particle of an 



atom. 



18. 



////////////////// 
19. e 20. 



21. 



Iloca: If you fotmd that you could not accurately macch thaaa tarma 
and thalr daflnltlons without looking back to the anawara, go back 
and study the tarm(s) that gave you trouble before continuing any 
further with the program. 



la crucr to hav« current r.:v tr.-i .slictrcn^ -ns: hnve n -nth or circuit 
to mov« chreugh. Afi •Uctrical circuit it a dos^ pACh for ens flow of 

i^tA* Ia» ^^^^fciaj . ;ptl^s-ir ,ty^ ci-«4a5« *i«ccrical 



as a 



tne conduct tng path can ba traced back to cha starting poinf whar* ch* voitag* 
c?ii*r.4t«s. T;v«i trazii? of an iutcr^^tivu vs'n^wie ,icr.?ietci cue cir^ui; ijacn. 
Its sourct. Tikis U known as a "ground dlrcult.** 



Circuits cay b« classtfiad as "tarlal,*' "parallal," and "sarles- 
parallel." A series circuit iias only one complete path for current flow^ 
A parallel circuit has two or more paths for current flow. A series- , 
parallel circuit is a combination of the two in that part of the circuit that 
has two or more paths for current flow but these parallel circuits are in 
scries with another section of the circuit that has only one path for current 
flow. 

QUEST lOJIS 22 through 24. 

On your answer sheet indicate the kind of circuit represented by each of 
ths following diagrams. 

a. Series-parallel 

b. Parallel 

c. Series 



23, 



2U« 



22. 



6 




SUPPLT 





DEVICES 



6 0 



3 Hi 






0. A Att^lM circuit hat oaiy oaa pac:i for curc«n& tigw, 

vc. In a paraxial eiriculCt if ona davice develops an open circuit all 
current flow will cease . 

d. If oaa device in a series circuit develops an open circuic all 
current flow will cease. 

* ■ , . 

e. 'A circuic is noc complete until it can be traced back to the source 
of power. 

////////////////// 
a, b, d, and e are true statements 



/ 1 

i 

/ ; I 

4 



REVIEW. 



In a series circuit, the voltage will divide (be dropped) across each 
resistor, in accordance with the ibhmic ^resistance of each resistor. Around 
the circuit, all the voltage will be used up. In other words, the sum of all 
the voltage drops around a series circuit must equal the source voltage. 

The current flow will be the same in any and all parts of a series 
circuit. ' 



0 



In a parallel circuic^ che voltage applied to all parallel branches Is 
Che same« 



The current will divide across the parallel branches according to the 
resistance present in each path» with the greatest current in the circuit 
having the least resistance* 




Ih« r«lAUeafthlp b«cw««fi curranc, voltage, And rasUcanca la oa aiactricai 
•^imU. to curtanc slow tiaas raaiataacat" '•aii;^ »i:^iy atataa^aaaaa cUac t»ci« ^ 



QUESXXOSt Z6 



Indicaca which laccar idanclfias che corracc anawar balow: 
Ohn's Law la tha principle which scacea chat a 

a. current flow of pna ampere will cauae one ohm of rasiscanca ^ a 
circuit having one volt of electrical pressure. 



b. pressure of one volt will push one ampere of current flow throu^ 
one ohm of resistance. , 

c. resistance of one ohm will produce an electrical pressure of one 
volt in a circuit having one ampere of current flow. 

d. circuit having an equal Amount of current flow, voltage, and 
resistance is a complete circuit. 

////////////////// 
b. is correct 



a^t b# tract troubl« ia 





^ SJ?r^'*.*^**'"**^f citCttltt. A Mjorlty of •Ucertcal troubles in -luto- 



,,,TT r? ««^«**«»^' ^^*y.«trta^. dirty or hurf^ed ooitacc^ ta .vitchas. 



r»«iitMC«. If rtsistaaee r^natn* constant vclt^^i^. in r.-ises. 
cur^nt vi^i iacr*«*ti. XhL» condidon could c«i«« wrlou* d«Mt to 



Uif CM b* staud *• « Mtitmtica formula «s: E - I x R. where 
Z - voltage, I - current, end R - resistance. 
IlM Oha*s Law triangle nay help you to 
reaeober the fonmila. Tltls fomula c*n be 
used to solve any problem In electrical 
elreuies when any two of the factors are 



The fomula for finding the unknown 
quantity will be given by covering the- 
unioiown factor of the triangle and per- 
foraing the siaple mathematical problam 
left showing. For example: Civen 12 
volts of electrical pressure and 6 ohms 
of tesistance;. cover the "I" in the 
triangle and you have E t R left. 
12 divided by 6 « 2 amperes of current 
.flow. 








0!''?STTO" 27'. 




:n thj Ircuic shown to the rl^ht , 




r 



////////////////// 

1 ampere 



QOrSTIOM 28. 



In the circuit shown to the right, 
the resistance is oh»8. 



////////////////// 
4 ohnis 



QUESTION 29 



In the circuit shown to the right, 
the applied voltage is volts. 



V) 12 volts 



? 

oIbas 



3 fliQ>6rea. 

_© — 



? volts 



6 



2 snperes 

-0— 



////////////////// 
X2 volts 




mat 30. 

In th« dreulc shown b«low, ch« currMt flow-lr 



12 voltt 



3 ofans 



? amperes 



j otans 



QUESTIONS 31 through 33. 



Illlllllllllllllll 
2 amperes 



e 



31. A circuit with 12 volts applied and 4 ohms of resistance will have 
amperes of current flow. 



32-. A circuit with 3 amperes of current flow and A ohns resistance will 
have ' volts applied. 

* ■ 33. A circuinwith 6 amperes of current flow and 12 volts applied 
voltage will have ^ ohms of resistance. 



31. 



////////////////// 
3 32. 12 33. 
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\ 

trmm 15. 

tftl« U cwltfi* . without Bintioiiliit tltm 




af « icwii r^€« th«c j^^y^ ^^^j^-^,^^ whicfi apply to 

th« b«h«vior of ch« lln*« of fore* «s shown in eh* llluitraclons shown on thm 
low«r pare of ehla pata* 



la 


isintt 




corce 






















^-ri^ nil nibb#Y bmnile end crv to shorten CO e niniskus 


length a 










c. 


Lines 


of 


forc« 


repel each o Cher along their anclra length. 


d. 


Lines 


of 


forc« 


never cross each other. 




Lines 


of 


force 


cannot be Insulated but grow weaker with' dlacanca* 


f. 


Lines 


of 


force 


are referred to as "the magnatic field" of the , 


magnec . 












The closer the 


poles the stronger the nut^natlc field. 



h. Like poles repel each other - unlike polas attract each other. 






qpisrios 34. „ , . ^ ^ 




«. nc^rth to south ln«l4« »nd touth to north oucti4o tho Mgn«c. 

^ ^ touch to north lasido tod outtldo xho MtMt. 

\ c. touth to north Intldo $nd north to louth outtldo Ch« nngn«t. 

d. north to south inaldo «nd outtido tho mngnot. 

////////////////// 
e* i» eorroct 

QUESTION 35. 

Th«» oagnoclc field of « nngnot c«n b« defined *« 
m. the length times the width of the negnet. 

b. thet space which is effected by magnetic lines of force. 

c. thf length times the width times the thickness of the magnet 

d. that area around the place where natural magnets are found. 

////////////////// 
^ b. is correct 




}U|ii«ti«a «ff«cta eobait. lUcUI, Iron, and ciMir aiii^ffT 
R«ai4tt«X Minatiaa la tha amounc of taagnntic ofUct rasainiug ^ 



So(c l-ron U aaay to aagaatlM sue it uiau Li» .r-i^:.wLi»r ^faji;-/. 



Bard iron or stool la difficult to aasnatlta but will rotaln Ita aagnatlsa 
fdr long -periods of clao. 

Magnocs can bo-domagntci««d by applying haat, vibration, or fflcarratiag 
currant to th«m. 

Soma nagntts hfvt tha capability of ratalnlng th^lr magna tlam for Indaf- 
Inlta ptrlods, of tlma and art known as ••p/rmanant magnets." Paraanant aagnats 
art tnade of hard attal. Magnets can be tsade of soft, metal which does not ratain 
» magnetism and are therefore called "temporary magnets." A temporary magnet, 
when wrapped with colls of insulated wl^e, becomes* an electromagnet. 



QUESTIONS 39 through Al. 

- On your separate answer sheet indicate the letter that Identifies thf 
deicrlptlon from the right column for each type of magnet listed in the left 
column. ... 



39. lemporary magnet. 

40. Permanent magnet. 
^ Al. Electromagnet. 



A. A soft iron core wrapped with 
Insulated wire. 

B. A magnetized steel barV . 

C. A magnetized soft iron bar. 




//////////////////////////// 



39. 



AO. B 



Al. 




1» 





Th« strength of p«nnftn«nt an4 c«mporary iMgn«ts 1« couscanc, but ch« 



Core' 



Cu^rozxb 



^Windiziga 



■rrtrp 



QUESTION A2. 

V 

On your answer sheet black out the letters to indicate the true state- 
ments below. 

a. An increase in current flow will increase the strength of an 
electromagnet . \ 

b. An increase in the number of windings will decrease the 
strength of an electromagnet . 

c. A decrease in the number of windings will decrease the 
strength ''of an electromagnet. 

d. Removing the iron core will decrease the strength of an 
electronagnet . ^ 

e. Decreasing current flow will increase the strength of an 
electromagnet . 



£. The strength of an electromagnet can be increased by removing 
the Iron core. ^ 



g. An electromagnet with 2 amperes of current flow and 200 turn* 
of wire is a 400 ampere-turn electromagnet. 

//////////////////////////// / 
c,. d., and g. are correct 



t";»in current flevs cKrjough a cor^ductcr, a rr.v^r.- cic lioU, is pr-djccd 
«rowtd that conductor. Wh^i th« dlrtctlon of current flow U known, the 

1 t.w liw-iS of. force irwu'.i t.it.' -Vt r.; '■^^•-■.'.J -^-^ 
jjtf fawrf tsim** Of .^^M ta l»fi i*f t of the ttT««^'3t t w I** l-^v . 




point youc chumh in the dltjection of the current flcv ind vcnr fln^:rr vlll 
point out Che direction of jthe lines of force. If ^e•^t^.■»^ tV<» dlr5cti-;n ef 
^^i^te.iC il... nor direction of the llne« of force are Known, use a coa4)aes 
to find the direction of tl^ lines of force as shown in the right hand portion 
o£ the illustration below sifid then use the right hand rule to find the dir^- 
tlon of current flow by poittting your fingers in the direction of the UneJ of 
force and your thumb will i^int out the direction of current flow. The r^ght 
hand rule is applicable un<^r the theory that current flows from poaitivW (+) 
to negative (-) . I / 





o 



ERIC 




])^Iv>w chac accuracy ly sacw^i airAccion or curr«d& xlow 
force. 




Cozrent flow — ^ 



/////////////////////////////////////////////// 

b, !• correct 



ftmm 22. 




latsnslfiM ch« d«nsicy of > th« Iin«a of forco in eho cantor. Obsorv* an 
•xanpit of this cht Uluscracion below. This gro«c«r donslty croaM a 
mh itToagar ^macle off act with cha 
•ama amount of eurrant. A aariaa of 
loopa will craata tha sana affact aa a 
pananant oagnat with a north and a 
south pole. All lines of forca insida 
the coil point in the sane direction. 
In a bar oagnat the lines of force in- 
side the magnet travel from the south 
pole to the north pole. The direction 
of the lines of force inside a coil is 
the same as in a bar magnet. 

QUESTION 44. 





Label the north and south poles of the electromagnet shown in the 
illustration below. 




//////////////////////////// 



a. North 



b . South 





1^ youc cfiucio vxxx poxnc 



QUEST I0.\^ 45. 

On your MparAM answer th««c, indicat* tht polarity of che polas.ln th« 

illuanracion below. 



Nota: Th« arrovs show 
che dlreccion of the 
current flow. 



ANSWER WILL BE FOUND TOWARD THE BOTTOM OF PAGE 



The previous Illustrations of electromagnets show colls similar to a 
apring. Electromagnets can be formed into many shapes. The field coils of 
generators and starters, the primary winding in an ignition coil, the coils 
in electric gauges, the coils in relays, and even the windings in a starter 
armature can be considered as electromagnets. They all produce magnetism by 
electrical energy. 



Answer to QUESTION 45: a. South b. North 



■ERIC 



:h3 



1 1 



OUmiON 46. 







CttiMracor . 


gm 

»• 




i 


— b. 


ToggI« twitch 


h. 


Bar sagnat 


1 


c. 


Rh«o«cat 


I. 


Circuit brtaktr 


m 
1 


d. 


Electric gauges 


J. 


Fuaa 


1 


c. 


B«tt«ry 


k. 


Resistor 


i 


£. 


Starter 


1. 


Ignition coil 



////////////////// 

a., d.. f.» g. • and 1. make use of alectrooagnets 



Diagnosing troubles In electrical circuits Is one of the most important 
iobs of an automotive mechanic. Each unit in an electrical system is built 
to a specification which means that it should have a certain amount of resis- 
tance, current flow, and voltage applied. In order to determine if the 
component is satisfactory it Is necessary to measure these P'"'?*"^"* . f „ 
requires the use of electrical meters. An ammeter is used to measure c^e flow 
of current and la read in amperes. A voltmeter is used to measure the electri- 
cal oresaure (voltage, or electromotive force) and is read in wits. An 
Si>S"r is used to*»;.sure the resistance and is read in ohms. When a volt- 
«t.r is used to measure across a device in a circuit, the reading obtained 1. 
called 'Voltage drop." This reading divided by the curj^ent flow can be used 
to dfctermine the amount of resistance in a "live" circuit. 



] 



HORSBSHOe SHAPED MAGNET 

3i, 




LOW 
RESISTANCE 



AMMETER 
CIRCUIT 



HIGH 
RESISTANCE 



VOLTMETER 
CIRCUIT 



Th« lllusnracion above shows a cyplcal neter movement. Note that the 
voltmeter circuit has a high resistance In scries with the jneter movement coll. 

The amteter has a low resistance in parallel with the meter novemtnc coll. 
ter is never connected in a circuit that has no resistance because the 



An 

low Internal resistance in the smoeter will allow naximua current and bsm out. 

The high internal resistance In the voltmeter prevents excessive current 
flow and allows it to be used to check a power supply. 

The voltmeter is connected in parallel to the drctiit being checked so 
that it allows the current flow of the circuit to continue undisturbed. 



The amaecer is connectad in series with the circuit but the low internal 
resistance allows th«; current to continue in the circuit undisturbed. 




•U«rU.l ^« b* eortoc-.-.r c^-,n«t«J to eh. elrcult M «e«t.t.Xy 



An ...cc 1. com..ct«i tn ..ri« -ith th. lo.d or 
1, used to n.asu« current flow. Th. pc.itlv. t.r»iMl (+) (r.4) ^» 
^OMCt.d into th. circuit in tft. dlteccion ti.. current 1. coming -ron. 

f 

QUESTIONS 50 through 53. 

«5n on vour separate response sheet bUck out the letter that identifies 
the ifsir^nlTei^r-d to /orrectly ».asure voltage in the diagra. shown 
below* 





51. On your ,ep.rat. r..pon„ .h.et black out 

the in.tru«nrbeing used correctly to meaaure current In th. dlagr«. shown 

above . 

52. A voltmeter oust be connected in 

a. parallel when being used to measure current, 
series when being used to measure voltage, 
parallel when being used to ineasure voltage, 
series when being used to* naasure current. 

53. An a»«ter oust be connected in 
a. parallel with the switch or fuse for the circuit. 
h. ••rlas w|«i being used to «»a»uTa wltagp. 
4. ptfallel with one device in the eircuit. 
d, aarias whan baftng used to sisasure current. 



b. 
c* 
d. 



////////////////// 



50, C 



51. 



52. 



S3* 



363 



franm 28. 

^ 

^15 





risnt with 1: s deficit ion is given in the Xe f t colarsi , 







A. 
















B. 


S#ries circuit* ^ 




A circulC having only on« con- 








pl«c« path tor cur,r«nt flow. 


C. 


Amoecar« 


56. 


An inscruntnc uttd to mtasure 


0. 


VoltiMCtr s 




r«sistanc« . 










E. 


Farall€l circuit* 


57. 


Th« priiiKcipla which states 








that a prassure of one volt 


F. 


Ohnnet^r. 




t^ilX force one anpere of 








current flow through one 








ohm of resistance. 






58. 


A circuit having two or more 








paths for current flow. 







59, An instrument used to measure 
current flow. 



//////////////////////////// 

54. 55. _B_ 56. _F_ 

58. E 59. C 



57. 



9 



H6te: If you found that you could not accurately match the terms and 
definitions above without looking at the answers, go back and study 
the terms that gave you trouble before continuing any farther with 
the remainder of this program. 





)tot«rs f uM<i m aaintaiaittg, wpairiag. and troublcsUootln* ^UiiT.c..l 



i ll.. gjg;a^a^ Lm.± fe £l 



^ 



different nkch to cr*v«l Chan lUaw 

Thii U^not%o'b« ciSfisid'wleh a'afound which wm dMign«d to compl«M th« 
circuit through ch« vehicle, frame, .ilor connect iona or vary amall wtra (cable, 
can cause excessive realstance. 




QUESTIONS 60 through 63. 

After the corresponding number on your response sheet black out the 

letter that identlflts each definition on the right with the tarm It daflnaa 

«a given In the left colusoi. ' " 



60. . Unwanted ground. 

61. Excesaive reslatanca. 

i 

62. Short circuit. 

63. Open circuit. 



A. A break or lack of contact In an 
electrical circuit. 

B. Where a bare ♦ire Is touching another 
bare wire giving th« current a 
different path to travel than %ias 
Intended . 

C. Dirty or loose connections, cable, 
too small, or frayed. 

D. Where a bare wire Is touching the 
frame or another metal surface that' 
is grounded . 



//////////////////////////// 



60. 



61. 



62. B 



63. 



3S5 



1 



EUetrieal •tMrgy it com* 




And alternating current (sc>, 
which is us0d CO c?erat« nest 
hstUdAoid appliances. 

In diracc currant t{>« 
•lactrons flov around the cir- 
cuit la one direction only. ; 

Uhan an altamating currant 
gantrator Is used, the electrons 
flow back and forth as the pol- 
arity of the voltage changes 
(sae illustration). The figure 
shoMs three la))ulses. House- 
hold ac is generally 60 cycles 
par second; chat is, 60 im- 
pulses in each direction each 
second. 

When an electrical appli- 
ance is unplugged from a wall 
receptacle a flash may be seen. 
This flash is electricity 
traveling through the air and 
is called an "arc." 



QUESTIONS 64 through 66. 





9 





ALTERNATING CURRENT 



o I 0 A 9 



o 



AC GENERATORS 



After the corresponding number on your response sheet black out the letter 
that identifies each definition on the right with the term it defines as given 
in the left column. * . ^ 




64. Alternating' current. 

65. Arc. 

66. Direct current. 




A. . The travel of electricity through the 

air when It produces a flash. 

B. Current" that changes its diraction of 
flew ac regular intervals. 

C. Cttrrmt that tXmm in m dlraetioo 
only* 



//////////////////////////// 



64. B/ 65. 



66m 




mc 



35« 



QUESTIONS 67 throutH 73. 



in th« left coluna. 



67. Current thAt flows in on« 
dlrtetlon. 

68. Dirty or loos* cotincv ^lons , 
cAbl« too snail, or fraytd. 

69. Uh«r« a bars wira is touch- 
ing another bare wire, giving 
the current a different path 
to travel than that. intended. 

70. Currant that changes Its 
direction of flow at regular 
intervals . 

71. A break or lack of contact in 
an electrical circuit. 

72. The travel of electricity 
through the air where It 
produces a flash. 



A. Open circuit. 

B. Alternating current. 

C. Short circuit. 

D. Arc. 

E. Excessive resistance. 

F. Direct current. 

G. Unwanted ground. 



Whiere a bare wire Is touch- 
ing the frame or another 
metal surface that is 
grounded. 

\ 

//////////////////////////// 

\ 67. ^ 68. _E_ 69, JC_ 70. _B_ 71. _A_ 

72. JD^ 73. G 

Motet \ If you found that you could not accurately match the teras 
and definitions above without looking at the answaris, go back and 
study those term that gave> you trouble before continuing any 
farther with this prograa. 



73. 



12, " » 

i?t:S8TI0:.*S 74 ehroufh 81, 

Aii^ th. t^t^fOf^Ui^ nwA^t en your t«i»«a« «»**t bi^uk ou= t.^ 




81. 



atom. 

A negatively charged particle in an 
atom. 




74. 


A gait of aeatureoeac of reai^'Anc^. 






/ 


75. 


tbm prataur* or force of an electrical 




Volt. 

f 


/ 


circuit that causes current to flow. 


C* 


ABp<Ar« • 




76. 


That property of an electrical circuit 
that tend* to prevent or reduce current 


D. 


Voltage. 


/ 

■/ 
1 




flow. 


E. 


Ohm. 


77. 


A unit of nea«urement of current flow. 


F. 


Electron. 




78. 


A unit o£ »ta»ure«ant of electrical 
pret«ure (electromotive force). 


G. 


Proton* 




79. 


A particle in an atom that contains 
no electrical charge. 


H. 


Neutron. 




80. 


A positively charged particle in an 









o 



lUiiiiiiiiiiiiiiiiniiiiiiL. ' 

74. _E_ 75. 76. ^ 77. 

78. 79. JL. 80. ^ 8i. JL- 

Nbte-: If you found that you could not •ccurately -fr«™1hrt'^Ivr'* 
deflnitlbnrwithout looking at the ani^^rs. study the terms that geve 
you trouble before proceeding any further in the program.. 





k tMfmtor can b« uMd Co 
IfA AucoaooU^t CM mgim cum* 



1 iniijgv 



j;ii£hdr.2.i;4l «.s^«r£y an^ produce*, 
•l«etrical AtMrgy, th# gtMrft- 
tor can bo dotcrlbid oo a dovlco 
choc eenvorco aoehonieol onoriT 
CO oloctr^col enorgy. 



QUESTIOM 82. 

A gonorator la a dovlco chac convorta 

a. ehomical anorgy Co oiaccVlcal anargy. 

b. aachanlcal anargy Co alaccrical ansrgy* 

c. alaccrical cnargy to mchanlcal anargy- 
4. ctemical tnergy to nachanical enargy. 

iiniiiniiriijiitiiiiiiiin 

b. la corract 




Elactrldcy can ba uaad to oparata an altccric motor which in cum 
cranka the engine (automobile starter) or some other device that can be 
'linked mechanically to the motor. Since an alec trio motor uses electricity 
to produce mechanical energy ic (che docor) can ba'ide scribed as a device 
chac converCs elecCrlcal energy Co mechanical energy* A curreAt-carrylng 
conduccor, In a magnecic field, will be pushed ouc sidevaya. 




c 




«1 ehceical energy to SMchajnical cn*rsy. 

b. cheaical 'energy to electrical cncr^;y. 

• 1 

c. MchanicAl tnergy to «lfctrlcal energy. 

d. eltccticai energy to ae^hanical energy. 

' //////////////////////////// 



1 



^' d. .is correct 



Many electrical devices have a movable part 'called an "anaature." A dc 
ganerator produces electricity by rotating the annature through a magnetic 
field. A motor nm» because the aagnetic fields act upon tl\e armature causing 
it to rotate. A ^ay or a doorbell operates when the magnetic field attracts 
the armature. 



QUESTION 84. 

An armature is defined as the 

a. movr'ble part of an electromagnetic device. 

b. device that changes electrical energy to mechanical energy. 

c. part of a relay or bell that produces a magnetic field. 

*' d. device that changes mechanical energy to electrical energy. 



//////////////////////////// 



a. is correct 




El«ctrictty i» prodt4«4 In geturttori 






ITOlt SYMtoLS 




Ing chemical «n«rgy inco *Uccrical •n<rgy. 

.U though bae:«cl«s ara oft^^n callii 

aoc acor*. alactricity. tH* only diivic* 
that atoraa el«ctrlclty is ^th« capacitor 

(coodaiiaftr) . $otic« in th« illuttrattona above tha jsymbols ysad to represent 
capacitors. A capacitor consists cf r-o vir.?3 ccnne|ccad to ietal plntes vhich 
are separated by a very thin Insulating material. A capacitor is charged with 
electricity by applying a voltage between the two wd(res. Thi^a<;tion causes a 
build up of a positive charge on one plate and a negative charge on the other 
plate. ThSiunAc of taeasurement of capacitance Is a i "farad*" la terms of 
capacitance a farad is a rattier large unit op measurement, therefore, most 
capacitors are rated in terms of "microfarads. " A faicroiarad i^ one-raillionth 
of a farad. i \ 



QUESTIONS 85 and 86. 

89 . A capacitor is a device that 



\ 



vehicles 



86. 



a. changes chemical energy to electrical energy. 

b. producer an ^rc at^the ignition points of automotive. 

\ 

c. Stores electrical energy. \ 

d. produces electricity. 

I 

The unit of measurement of the capacity of a capacitor Is ithe 

i 

a. volt. 

\ 

b. farad. 

c. ampere. i 

i 

d« ohm* 

//////////////////////////// 

»5. c 86. b 



37i 



OUEStIO::S 3? throurh 91. 




lector t^it identifies each cerrr on the rieht vlrh it« dofinlclor. ns ti\^en 



(i7. A d«vlce chac changes electrical 
energy to aechanlcal energy. 

3S. unic of r.easurer.enc cf che \ 
capacicy of a capacitor 
(condenser) . 

39. A device Chat changes mechanical 
energy co electrical energy. 

90. A device that stores electrical 
energy. 

91. The oiovable part of an electro- 
magnetic device. 



A. Capacitor. . 

B. Generator. 

C. Motor. 

D. Farad or microfarad. 
E« Armature. 



//////////////////////////// 

87. C 88. D 89. B 



90. 



91. 




Note: If ycu found that you could not accurately match the terras and 

definitions above without looking at the answers, go back and study 

the terms that gave you trouble before proceeding any further with 
this program. 
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ganeraetd in the conductor causing curr«ne 




QUESTION 92. . 

Electricity can be produced mechanically if you have 

a. a conductor and a magnetic field. 

b. motion and a magnetic field. 

c. a Mgnetic field, a closed conductor, and relative motion. 

d. motion and a conductor. 



//////////////////////////// 
c. la correct 



The annature of a generator supplies the conductor used in producing 
electricity. The rotation of this armature supplies the motion and the field 
windings iupply the magnetic field. When a conductor is moved through a 
wKnetic field the resultant current flow is said to be produced by electto- 
Mgnetlc induction." 



P- v^ESi*i'»S 93 through 97. 





' b. generator. 

c crar.«'forn;-ir. ■ • 

d. •iMcroMgaM . 

94. Uov 4o«s a gtn«rator product •Icetrieicy? 

a. By alactronagnctlc inductlpn« 

b. By •iaccronotive forct." 

c. By chemical action. 

d. Statically. 

95. What are the three things required to produce electricity by 
electromagnetic Induction? 

a. A generator, a battery » and a transformer. 

b. A chemical, a force ^ and an, electromagnet. 

c. Spongy lead, lead peroxide, and electrolyte. 

d. Motion » ^magneLlc fields and a closed conduccor. 

96. A generator produces eleccriclcy 
a. chenlcallye 

be magnet ically. 

^ c* residualTy. 

d* mechanically. 

97. The production of electricity in a generator is called 
a» chr.mical action. ^ , 

be residual magnetisae 

c. electromagnetic induction. 

d; ttade electricity.. * 

7//////////////////////////// - 

93. Jl. 94, 95. ^ 

96. d 97. c 
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Minivers" in the —■-^^-■—-^j^^^^ 



o 





1. The property of an 
electrical circuit that 
causes current flow, 

2. The vmit of oeasure- 
ment is the "volt." 

3, Vol^tage is measured 
with a voltmeter. 

4, The symbol for 
voltage a "E." 

REMEMBER: THE VOLT- 
METER MUST M. CONNEC- 
TED PARALLEL TO 
MEASURE THE VOLTAGE 

OF A ciRcun. 



1. The covement of free 



electrons In a circuit is 
called "current." 

2. The unit of measure- 
toent is "ampere" or 
"amp." 



3. Current is measured 
with an ammeter. 

A. The symbol for cur- 
rent is "I." 

REMEMBER: THE AMMETER 
MUST BE CONNECTED IN 
SERIES TO MEASURE THE 
CURRENT IN A CIRCUIT. 



1. The opposition 
to current flow in 
an electrical cir- 
cuit is called 
"resistance." 

2. The unit of 
measurement is the 
"ohm." 

3. Resistance is 
measured with an 
ohmmeter. 

A, The symbol. for 
resistance is "R." 



.h^rt above^with your'masH and answer each question. 
yrhIvr:n:«:r:d1re%:e:tiLs you cheC your answers by 
referring to the chart above. • i . 



QUESTIONS 98 through 107 

98. Opposition to current is 
Causes current to flow 
Unit of measurement for R is 
Unit of measurement • for E is ^ 
Unit of measurement for I is 
Heasures current. 
Measures resistance. 
Measures voltage. 
Must be connected in series. 
Must Re connected In perellel 



.99. 
100. 
101. 
102. 

103. 

104. 

105. 

106. 

107. 



RESPONSES 

Voltage 
Resistance 
Amperes 
Ohms 

velts 

Voltmeter 



Ohmmeter 




OR your r«tfea«* black out ciw 

:;»«*_r. -i:^. :init iv^n aa river. 




ICS. A unlc of Tseasurer.ent of resistance. 

109. Tho pcetfturo or xorco in an elaccrical 
elrculc thae eausaa eurrane ee flow. 

110. That property of an electrical circuit 
Chat tends to pravaat or raduce currant 
flov. 

111. A unit of measurement of current flow. 

112. A unit of Qcasureaent of electrical 
prassure (alactromociva force). 

113. A partible in an atom that possesses 
no electrical charge. 

114. A positively charged particle in an 
atom. 

113. A negatively charged particle in an 
at 9m. 



A. 


Resistance. 


At 


Vclt. 


c. 


Ampara. 


D. 


Voltata. 




Ohm. 




Electron. 




Proton* 


H. 


Nautron . 



mm' 



109. 
112. 



B 



//////////////////////////// 
109. _D_ ' 110.. JL ^11- 

It 

113. H * 114.' G 115. F 



J 




1X6. Current that flo"s in cr.e dlr«:ticr.. 

117. Dirty or loo«« cotmtction, c*bU too 
mil, or frayed. 

118. Wh«r« a b«r« wlrt i» touching another 
bare wire giving the current a dif- 
ferent path to travel than that' . 
intended . « 

U9. Current that changes Its direction of 
flow at regular intervals. 

120. A break or lack of contact in an 
electrical circuit. 

121. The travel of electricity through the 
eir where it produces a flash. 

122. Where a bare wire is touching the 
frame or another oetal surface that 
is grounded. 



A. 0;tn circuit. 

B. . Alternating 

current. 

C. Short circuit. 

D. Arc. 

E. Excessive 
resistance. 

F. Direct current. 

G. Unwanted ground. 



//////////////////////////// 



116. J_ 117. _E_ 118. _C. 119. J_ 
120. A 121. 122. ^ 



LAST CHANCE! 



If you found that you could not accurately natch the terms 
and definitions of any of the last two frames without looking 
at the answers study those terms that gave you trouble. 
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